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PREFACE TO THE ENGLISH EDITION. 



This book was written by Prof. Prantl to meet a growing 
demand for a work on Botany, which, while less voluminons 
than the well-known "Lehrbnch" of Prof. Sachs, should re- 
semble it in its mode of treatment of the subject, and should 
serve as an introduction to it. That it has not failed in this 
object is shown by the fact of its having already reached a third 
edition. It is hoped that this English Edition will as adequately 
supply the want of a work of this kind which has long been felt 
in this country. 

In preparing this edition for publication, I have felt that the 
main object was the production of an accurate and intelligible 
translation, and I have therefore made but few alterations in 
the Author's text. I have ventured, however, to introduce 
the General Classification of Thallophytes (page 110) proposed 
by Prof. Sachs in the fourth edition of his "Lehrbuch," for I 
am of opinion that this mode of regarding the Thallophytes 
is a considerable assistance to the student. In consequence 
of this I have arranged the various families of Thallophytes in 
an order which is slightly different from that followed by Prof. 
Prantl. 

Further, I have not designated the decomposition of carbonic 

acid and water by the chlorophyll under the influence of 

light, by the term "assimilation," as is usually done. This 

term has already a well-defined meaning in Physiology, and 

it is therefore a mistake to re-introduce it in another sense. At 

the same time I do not feel myself quite in a position to 

suggest a term to replace it. 

S.H. V. 
Cambridge, March, 1880. 
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PREFACE TO THE SECOND ENGLISH EDITION. 



I have ventured, in the preparation of this edition, to make con- 
siderable alterations in the book, with the view of increasing its 
usefulness. For these I am alone responsible. Many of them have 
been made at the suggestion of friendly critics, known and un- 
known, and for this kind assistance I would here express my 
thanks. The most important alteration is the adoption of a 
Classification of Flowering-Plants which will be more familiar 
to English students than that which was followed in the First 
Edition. 

S. H. V. 
Cambridge, Aprtl^ 1881. 
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PAET I. ^ 
THE MORPHOLOGY OF PLANTS. 



§ 1. The Members of the Plant. An ordinary flowering- 
plant consiMta oE ft nnniberof ]iarts which are distingTiishod as roots, 
Btema, learae, frnitH, etc. These may be conaidered sciontifieally itt 
two ways j either with reference to their fimctions in the economy 
o£ the plant, when they are regarded as ihe itrgana by which these 
are performed, and are the Bnbjects of physiological stndy ; or, their 
fnnctions being disregarded, their relative poHition, the place and 
mode of their origin, the course of their growth, and their relative 
fiize may be considered ; that is, they may be studied from a, pnrely 
morphological point of view, when they are regarded merely as parts 
of a whole, and are designated as membert. The raemberB may be 
conveniently arranged in fonr categorieB, namely. Boots, Stems 
(Canlomes), Lenves (PhyllomeH), a,nd Sairt (Trichomes). When 
the body of a plant does not present any differentiation into root, 
utem, and leaf, as in the case of the Algcs and Fnngi, it is tinned 
a ThallM (Thallomo). 

With the exception of the primary axis of the seedling, all mem- 
bers are developed laterally upon others, which may or may not 
belong to the same category. A root, for example, ia repeatedly 
producing lateral roots which are similar to each other and to tho 
main root from which they have arisen ; a stem, on the other hand, 
produces, in addition to branches which are similar to itself, leaves 
and roots. Every member remains in connection by its organically 
lower end, its base, with the member from which it has been 
developed : the opposite end is the organically upper end or apex. 
Those members, viz., stems and roots, which more especially pro- 
dnce lateral members, continue to grow at their apices, and the 
lateral members are normally developed behind the apex in ench 
a way that the youngest of them lies nearest to the apex. Thus, 
the youngest lateral root is the nearest to the apex of the mother- 
root, and it is the youngest lenf which is the nearest to the apex 
of the stem ; hence in all normally developed members the suc- 
ceeaion in time may bo inferred from tho Buccession in space ; that 
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2 PiBT I. — THE MOSFHOLOOT Ot PLABTS. [§ 2. 

M to any, in connlmg the lenves on a stem hom the bane apvards, 
tbti order of ttieir enucessiuu in space denotes the order of tlicir 
darolopment, All lateral meiabors which are thus arranged are 
Noid to have originatud in aeropeltd »aceeetion. When in any cross 
•oction of the parent member not one only, bnt two or more lateral 
membem, uueur at the same level, this mode of arrangement is 
termed a whorl ; for inntance, o( secondary roots round a paront- 
root, or of loaves roand a stem, as in Herb Paris {Paris quadrifoUa). 
Those menibera which lie at tho eamo level and form a whorl may 
be developed simnltaneously, or one after the other; hence a whorl 
may be nmullnneoui or mceeisional. In the latter case it is more 
difficult to distinguish the auropetal Bucceasion as well of the whorla 
M of their indiiidool membera. Those members are said to bo 
advealitioiu which are not developed at the growing' point bnt 
on older partH, and which are therefore not arranged in aompetal 
BDCCPSNinn ; for instance, those lateral roots wliich are developed 
from older nniw, and many branches from old stems. The forma- 
tion of lateral mombi^rs may oithur take place exogenouihj, in which 
case thoy originate from the onter layers of tissne of tlie parent- 
member, OS leaves do from tliat of the stem (Fig. 1), or eik/o- 
genoiuUj, in whirli case thoy are formed from tlie intoniat tissue of 
the pnrea I- member and have to penetrato its ontor layers ; it is in 
Uiis latter manner that roots arc developed cither from older roots 
(Fig. 20) or from sU-ms. 

§ 2. Of the Leaf and Stem in general. These two ideas 
Rre ao intimately ouunected tliat it is impossible to think of one 
irithont the other, us is evident from the following definitions : 

Every part ot a plant which produces leaves at its growing end 
is called a Stum or Abw ; a stem, together with the leaves it bears, 
is knumi aa a Skoot t 

tiMvtt ara distinguished by the following characters. 1, They 
OTiginatv always in aoropel«l eoooeesion (they are therefore never 
adrvntitions) ; i, they are always exogeuDns ; and 3. they always 
aaBuma a form different from that of the stem and its lateral 
braacbea npoa which thoy are borne. 

Th« taavM an dovolopod in T«ry close apposition at the apex of 
Uwstoia. Th« portions of the et«ra, termed tNl^miniM, which lie be- 
twven tbo iadividuaJ l«av«a mar cither remain qnite short, as in the 
CM* of lh» rovptto of leam of tbo Plantain and of the House-leek, 
of tha bsciclad leaTM of the I^rch. and in most flowers ; or they 
■H^r Kndklip» a oonsiderable elongation m> that the leaves becooio 
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§3.] 

■widely separated. Tlie botmdariee of the intemodea — the places, 
thftt is, at which the leaves are inserted — termed nodes, are some' 
times prominently developed, more particularly when the leaves 
are arranged in whorls, e.g., Labiatie, or when they ensheath the 
atem. The portion of the surface of the stem from, which the leaf , 
apises is the insertion of the leaf, and lis organic centre ia called tho 
point of iiiserlion. After the 
fall of tho leaf the siirfaca 
where it was inserted re- 
mains for a long time visible 
as a sear or cicatrix. 

So long as the intemodes 
have not begun to elongate, 
and the leaves are still folded 
together so as to cover the 
apex of tho stem, the grow- 
ing end of each shoot is 
known as a bud. The bnd 
which lies at the apex of a 
shoot, the lower portion of 
which has already under- 
gone elongation, is a, terminal 
hud; the laf era2 &u(2« are the 
early stages of shoots de- , 
ve!o[>cd laterally upon a thr 
growing main shoot, which ^ 
oft^n remain in this con- 
dition for a considerable timo. The arrangement of the lateral 
bnds, and consequently that of the branches which txe developed 
from them, is closely related to that of the leaves ; thns in Mosses 
and many Ferns they are developed immediately below or by the 
side of a leaf ; in the higher plants, always in the axil of a leaf, 
that ia to say, in the angle made by a leaf with the intemode above 
its insertion. In tbe latter case they make their appearance at the 
first formation of the leaves (Fig. 1, &«). With few esceptions, 
they are developed in the axil of every leaf, the exceptions being 
the leaves that form the flower, and those of many of the Conifers. 

§ 3. The Arrangement of the Leaves (Phyllotaxia). Thi 
arrangement of the leaves on the stem is most intimately 
with the acropetal order of their development ; and sini 
been already shown, the arrangement of the lateral shoots depend* 
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i PART 1, — THE JlOBPHOLOGt 07 PtiMTS. [§ 3. 

on that of the leaves, the same laws determine the arrangement of 
both these Bets of members which apply geaerallj to all acropetally 
developed members of plants. These laws are moat conspicuonslj. 
eihibited in the arrangement of the leaves, and they will be fally 
diicnsBed with reference to these members only. 

Xieavea are developed either in whorln, that is to say, two or more 
at the same level on the stem, or singly, when their arrangement 
is said to be aeatlered. In some cases certain of the intemodes 
do not elongate, and therefore the leaves, which have been really 
developed singly, or their axillary bnds, appear to have been de- 
veloped at the same level on the stem, thns forming a spuriout 
whorl, as in the case of the npper leaves of the Tiger-lily and of 
the whorled branches ot the Pines. 

The arrangement of the leaves on the circnioference of the stem 
is also very variable ; this is particnlarly coasplcnons in the cases 
where the leaves are arranged in whorls, for which reason these 
will be first diacnsaed. If a. whorl consists, for instance, of two 
leaves, it is obvious, that thay will be placed exactly opposite to 
each other on the surface of the 
stem, and that the distance between 
them, measured from the points of 
insertion, will amount to just half 
the circumference of the stem. Simi- 
larly, if the whorl consist of three 
leaves, the distance between jiny two 
adjacent leaves will be one- third of 
the circumference, and bo forth. The 
lateral distance between the points 
of insertion ot two adjacent leaves, 
measured on the clrcnmfercnce of 
the 8t«m, is called their divergence, 
and it is expressed in fractions of 
the circumference. 

Moreover, it is a mle, though not 
without exceptions, that the succes* 
sive whorls alteniulc, so tbat the 
""** leaves of any whorl lie opposite to 

the intervals between the leaves of the whorls above and below it. 
Thus the leaves of allcmato whorls are exactly above each other 

This arrangement, ae in fact all relations of position, may be very 
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plainly eihibitod by meana of diagrams (e. g.. Figs. 3 and 4), Such 
a diagram consists o£ a groucd-plan of the stem, regarded oh being 
a cone, and looked at from above : the insertion of each leaf will 
lie upon one of a serieB of concentric 
circiea, and the higher tha insertion of 
the leaf upon the stem, the nearer to the 
centre will be the circle of the din gram 
npon which its insertion is indicated. ' 

It may be perceived in the diagram 
Fig. 3, that when the leaves are arranged 
in alternate whorls they form twice as 
many longitudinal series on the stem as 
there are leaves in each whorl, provided, , 
of conrsc, that the number of leaves in 
each whorl is the same. The longitu- 
dinal series, which are indicated in the diagram by radii, are called 
orlhostlchie*. 

This particular arrangement of alternate whorls of two leaves 
occoi'S veiy frequently, and is termed the decaesate arrangement. 
The two leaves of each whorl are said to be opposite. It is com- 
paratively rare for equal successive whoris to be superposed ; that 
is, that the leaves of each whorl should lie exactly above or below 
those of the others, so that there are only as many orthostichics 
OS there arc leaves in each whorl. 
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Eiamples of decnosato leaves : the Carjophjlli 
liaceEB. to vUich belong 
Syringa (Lili^c), Locicera 
(Honejsaclile), oud. Sun- 
bacos (Elder) ; the Maplo, 
tha Horse-ohestiint, and 
tbo Ash. la Bbamniii ta- 
tharlicut the two lenves o( 
each vhorl aro nsnall; at 
a Blightl; diSi^rent level. 

Alternate whorls o[ 3 
{irrespectlTel? of flovera) 
oocar in the commou Ju- 
niper, in Cntalpa, anil oc- 
casion ally in the Uoree- 
chestnut and the Maplo. 

When the leaves are arranged in a scattered manner it is easy to 
detect that, within a certain region, of the stem, their divergence is 




constant ; that m, that the distance between any leaf and its imin&- 
diate predecessor and sncceaaor is a certain fraction of the circnni- 
ference. In the simplest case, when the divergence ie J (Fig. 4 A), 
Btarting with any leaf 0, the infiertion of the neit leaf in suc- 
cession on the stem, which may be numbered 1, will be exactly 
opposite to that of the loaf 0, and the next ]eaf, nnmbered 2, will 
be opposite to 1 and eiactly above 0. Thus there are two ortho- 
atichies. In proceeding from leaf to I, 2, 3, and so on, always in 
the same direction, the circnmference nf the stem is traTcrsed in a 
spiral which, in the course of each whole tnm, tonches the bases of 
two leaves and intersects the same orthostichy. This spiral will 
pass through the insertion of eTery leaf, and as it does so in the 
order of their development, it is known as the genetic Bjiiral. The 
nnmber of leaves throogh which the genetic spiral passes in its 
conrao between any two 
on the same orthostichy is 
termed a cydn. When the 
divergence is i, the leaf 
nnmbered 3 comes exactly 
above leaf 0; 4 over 1. 
, 5 over 2 ; and fio on ; and 
there are three orthosticli- 
ons lines, the cycle being 
composed of three leaves. 
It might be said with equal 
accuracy that the diverg- 
ence is J, since leaf 1 is dis- 
tant J of the circumference 
licLom Hum. from leaf 0, if the spiral be 
followed in the other direc- 
tion. If it be continned in thia direction, it will pass ronud the 
Htem twice in each cycle. For the sake of simplicity, the spiral is 
not traced in this longer way, but in the shorter way. "When the 
numerator of the fraction of divergence is not 1, but some other 
rational number, the spiral passes round the stem more than once 
- within the cycle, in fact, just d.s many times as is expressed by 
tlie numerator of the fraction of divergence ; the denominator of the 
fraction expresses the nnmber of the orthostichiea. In Figs, h and 
R, which represent a constant divergence of g, it is easy to see that 
flight orthoBticliibs are present, leaf 9 being over 1, 10 over 2, and 
so on ; also that the spiral retnme to a leaf on the same orthostichy 
kftCT three tnnu, and tlios gooB thrico round the etcm in one cycle. 
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If it is required to determine the arrangement o£ the Ipaves 
(phjllotaxiH) on a stem, it is necessary to find tho leaf which is 
esactly above the one, numbered 0, selected as a, starting-point, 
and then to count the number of leaves which are met with in 
following the aborter epiral round tho stem between these two 
leaves. The number of the leaf w"hich lies in the same orthostichy 
is the denominator of the fraction of di- 
vergence, and the numerator ia the number ^ ^ 
of turns made by tho spiral between the 
two leaves. 

When the number of orthostichies is 
greater tliau 8, it becomes very difficult to 
detect them, particularly when the leaves 
are closely arranged aa in the rosette of 
the House-leek, the capitulnm of the Sun- 
flower, or as the scales in a Pir cone. 
Another set of lines lying oblicjtiely thrn 
strike tho eye, called parasticliies, wliich 
also run round the stem in a spiral, Init, 
touch only some of the leaves ; for in- 
stance, in Fig. 6, the line which connccta 
the leaves 3, 6, 9, and 12. It is evident 
that the number of parallel paTastichiea 
must be as great as the difEerenco between 
the numbers of tho leaves in any one aiioh 
line. Thus in Fig. 6, again, another piira- 
stichy connects the leaves 2, 5, 8, 11, and so 
on ; and a thirf, the leaves 1, 4, 7, 10, eta. 
From this it ia possible to deduce a simple 
method for ascertaining the phyllotaxis in 

complicatod cases : the parastichies which ^^^ i,,,e» of which ha™ Oi* 
run parallel in one direction are counted, cnnsiant diTergonoa of i ; the 
,nd the le™. in one of then, .re n.obered j;;;'': «i";,"2;,"?r 
according' to tho alwve-mentioned rule ; by liona. thowolihepojieriorbr 
repeating the process in another system of «'™'"i '^«y»"=™™«Jf''w 

t^ a ' . L i- 1. orthMtichiei. I, I, II, II. ale, 

parastichies which intersects the nrst, the ua Uis eigui ortbuaiichiei. 
number of each leaf will be found. 

The commonest divergences are the following; 

h i. h h A, tV i\- 

This series is easy to remember, for the nnmcrator of eaoh fraction 
is the sum of those of the two preceding, and it is the same witlj 
the denominators. 
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8 PART I. — THE MOBPHOLOOT 0? PUNTS. [§ 4. 

There are, however, divergenceB which si-e cot included in this 
series, e.g., ^, f , |, etc. In sonxe coses the constmctiun of a, spiral 
with a constant divergence is impossible, as in Salvinia. 

The cuQBes of this regularity of arrangemeat of the leaves lie 
partly in the mode of origin of the leaves at the apex of the stem 
and partly in the displacements which they nndetgo in the course 
of their subsequent growth. 

InBtsncos of the divergence J : sU OroBaes, ft&d the emaller bronetiea of the 
Etm, the Lima, the Hoinbeam, and Uie Seecb ; in tlie>«. particulorlj m the 
Ust, tlio leaves ondergo diBptscemeut. «o that ou ttie uodcr tide uf the braneb 
Uis divergence is Ibeb. and the upper <tde it ie greater th&u }. 

Divergetice of { is found in all the Bedgea, and in the tmuiohes of the Alder 
and Aspen. 

Divergence of ) may be regarded m the most freijnenti itoccnra in many 
herbaceoDS plants and in most of the amaller brHQcheB of the Willow, the 
Poplar, the Oak. the Boae, the Cheny, and the Apple. 

The oeicular luavea of the Firs and Spruces usually have a divargenoe of | 
and ^ ; ,; occurs very oommoni; in the cones. 

Finall;, it may be observed that the genetio spiral turns sometimes to the 
right and Bometimes to t)ie left on tbo stem : in botanical terminology, a spiral 
is said to be right-handed vhcn it rutin in siit^li a direction that if the obacrrer 
a!>ccndcil along it be would have the aiis on Lis right; and left-handed, wbi^n 
it ruttB in the contrary du'eclion. 

§ 4. The Form of the Mature Leaf. A leaf ia usually 
flattened horizontally into a brand surface ; it is thin, and of such a 
fonn that it can be divided by a perpendicular plane, the vidian 
flaw, into two similar halves. The halves are nsnally counter- 
parts, like the right itiid left hand, or an object and its refiecti-d 
image; the leaf is then said to bo gijmmelrieal. Ujnyinmetrieal 
leaves, the halves of which are not similar, occnr in the Elm, and 
very conspicnouBly in Begonia. The lower or outer surface of the 
leaf usnally differs from the upper or inner surface in structure, 
colour, hairiness, etc. As a rnlo the surface of the leaf is extended 
at right angles to the median plane, and also to the longitudinal 
axis of the stem ; but this origi:iaI position is frequently altered 
by subsequent torsions. Decussate leaves, for instance, are often 
GO twisted that the upper surfaces of all of them oome to lie in one 
pi no 0, as in Philadelphns ; and on the horizontal branches of the 
Silver Fir the leaves that grow on different parts of the stem are 
K> twisted that their npper surfaces are all directed towards the 
eenilh. Rarely, a« in the Iris, the leaf is from the lirst oiteudcd in 
the median piano itself. 
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Departorea from the ordinary flattened form of the leaf are foimd I 
in the acicvlar leaves of the Sprace, in the cylindrical leaves (rf ■ 
many species of Sednm and Meaembryanthemum, and in thsj 
tubular leaves of Allinm and Jnncns. 

The leaf is nstiaUy regarded, as consisting of three parte : 
gheath, the flalk, and the lamina or blade. The sheath (Fig, 7 v) 
encloses the stem at the insertion of the leaf, assnming a tubnlar 
or aheath-like form ; it is largely developed in Graaaes and Umbel- 
liferre. The leaf-slatk or petiole (Fig. 7 p) is narrow, oBnally semi- 
cylindrical or prismatic in form, and hears at its end the expanded 
blade (Fig. 7 I) : occasionally, as in the Australian Acacias, it is 
flattened and leafy, when it is termed a phyltode. These three 
portions are not, however, developed in all leaves. Many leaves, 
aa those of the Maple and the Gonrd, have only petiole and blade ; 
others, as the Grasses, only sheath and blade. 
Frequently the blade only is present, as in the 
Tobacco and the Tiger-Uly, when the leaf is said 
to be sessile. 

The stipiilei most he regarded as belonging 
to the sheath : when they are present the leaf ' 
is said to be slipulale; but they are frequently 
wanting, and tlie leaf is then stiid to be ex- 
slipitlale. In many plants they take the place 
of the sheath and appear as two outgrowths at 
the base of the leaf (Fig. 8 B and Cs a). They 
are often similar in colonr and teitnre to the 
leaves, as in Willows, Peas, the Violet, and the 
Rubiaceip, in which they are compound ; 
other plants, on the contrary, they are colourless ■ 
or brown, and fall off soon after the leaf is un- 
folded, aa in the Beech, the Elm, and the Lin 

of stipules occur as well as a sheath, and they appear as teeth at J 
the top of the sheath, as in the Rose. Occasionally the two stipules 
are comtate, that is, they are more or less united : when they 
cohere by their outer margins they form an oppoals stipule, aa i 
Aslragalns, and when they cohere by their inner margins they 
form an ajsitlary stipule, as in Wtnttluynia eurilata : in the Polygo- 
Docete they cohere by both their inner and outer margins, thus 
forming a sheath, termed an ochrea. (Fig, 207 A o) which surronnds 
the intemode above the insertion of the leaf: when the stipules 
of opposite leaves cohere they form what are termed interpetiolar 
stipules, OS is frequently the case in the ftnbiacefe. 
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10 PART I. — THE MORPBOLOQT OF PLANTS. [§ 4. 

Only in comparatively few plants doea a ligiiJe occur; this is 
a small outgrowth from the upper {inner) surface of the leaf, 
which is found in the Grassea at the junction of the sheath and 
the blade (Fig. 8 A i), and also in the petals of many flowers, as 
Lychnis and Narcissus. 

In the case of moat leaves it U obvious that their internal tissues 
are differentiated. The fundamental tisane, which is generally 
proen, the mesophjU, is traversed by bright bands, which are the 
fibro- vascular bundles or so-called veins. These usually project 
ott the under surface, and when the leaf decays, remain for a time 
as a fikcleton of the loaf. The distribution of these bundles, the 
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vfnnfioTt, is character! rtic of lar^ groups of plants. In the narrow 
leaves of most of the Monocotyledons the veins are parallel, branch- 
ing rarely or not at nil (Fig. 13 L), and they are therefore said to 
be parallel-veined ; while in many of the Dicotyledons only a few 
veins enter the leaf, which bmnch frenuently and anaBtomose, 
forming ft rfli'eulated venation. According to the ramification 
of the veins, the venation may he either pinnate (Fig. 9 A), that 
is to say, A median vein or mid- rib runs through the loaf and gives 
off several lateral branches, as in the Tobacco, Beech, and Elm ; or it 
may he pnlniale (Fig. 9 B), that is, the vein divides at its entrance 
into the lamina into a number of cqnal diver^'ng veins, which may 
again divide as in the Maple and Ivy. 
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§ 4-] PAST I. — THI MOBPHOLOOT OF PLANTS. 

In deecriptivB Botany a nninber of tewna are used to describe 
the details of the insertion, the contour, the apex, margin, and the 
Begmentation of leaves. The most important are as follows : 



When tbo blade 
EpringB immediak>ly 
from the atem tlie 



leaf i 







ent ol AkhtmiUa vulgnria (uBt. nlzo). 



their bases, e.g., the HonejeocMa (Z^nicci 



leuile ; ampicx 
vheti it EHiTouiids 
tbe whole, iemi-ati 
plexicaat, nben 
surronniia onlj hnlt i 
of the circumterencB 

of UlBBl 

Bertion (Fig. 10 A. 
Thlapii perfoliatum); 
ftrfoliate, when the 
tvo opposite mBTgins 
of the base ol the leal 
meet and coaloBce on 
the opposite eide of 
ihe stem from 

(.17.. DiipUarvm TOtuttdi/nliiim (Fig. 10 B). TMb form must n 
with connate leaves, in vbich oase twi> teaies growing 
opposite sides ot the 
Ciiprifolium, Pig. 10 
CI. 

In decurrent leares 
leaf; wings extend 
downwards from the 
insertion aloDg Iho 
stem, which is then 
said to be irmged, 
e.g., man}' Umla of 
Mullein (Verbaaoura); 
and the leafstalk is 
Bometimes winged in 
the same wnj by a 
downward growth of 
the lamina. 

The petiole ia oc- 
casionaU; ioaertEd 
on the ntider aide of 
the blade, which ia 
then aaid to be peltate; bnt it la nan ally inserted at its lower edge, and is 
either sharply defined from it or gradually merges into it ; an example ot this 
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laKot mode is Bflorded by the cuneiform teavei ol the Daisy {BtUu perennU). 
A hcart-thapfd or cordate leaf is nee ol whioh the lower edge is deeply hollowed 
in the mudUn line, wbetber it be Besaile or Btalked. e.g., the Lilao (Byringn). 
It is UTToa-ihaped or tagiltate, vben the blade ie mnch prolonged on enoh side 
of this hollow. M in the Arrow-head (Sagittaria). As to the generll form of 
the ksf, it aaid to he linear irhea the opposite edges are aearlj parallel, t.g., in 
OTaeBee; lanceolate, nbeo the leaf is at least four times as long ^i it ia broad. 
e.g., the Bib-wort (Fhmtago) ; elliptical, when the leaf ia about twiee as long 
as it IB broad, e.g., the leaflets of the Bose : tmate, when the leaf is at tbo same 
time broadest towards the base ; obovate, when it is broadest towards the apex; 
rubrotand, orbicular, renifatnt, when it is both broad and eomewhat heart- 
shaped, e.g., Oronad Ivy (Oleaboma) (Fig. 14 E f). 

The leaf ia also described, aocoidicg to the form of the api?i of the blade, as 
being acute, when the lateral margins gradually conrprge at an acute angle, 
e.g., the Rib-wort ; as acumin/iie, when the apei tapora lapidiy (Pig. 11 G), 
t.g.. the separate leaflets of the Horse -chestnot ; or as vilatt or as emarginaii 
(Fig. 11 D f ), when it ia more or less indented at the hroad obtuse apoi, aa in 
■ome kinds of Senna (Caiiia obovala) ; aa obcordate, whan this indentation is 
deeper, as in the leaflets of the Woodsorre! (Oxalis) ; and a.i mmronal', when 
there is a ibarp projection from the obtuse apex, as in the leaSets ol Luocme 
{Medieago latii'a] (Fig. 11 Fj'i], 

The margin o( the leaf ia either entire (Pig. 13 L), aa in the Forget-me-not 
and Tulip ; or it presenta slight asperities, when it is said to bo denlale las 
in each segment of the leaf in Fig- 11 C) ; or it is sinDouB. with sharp epincs, 
M in the HoU; {Ilex Aqiii/aliiim.], when it said to be aavy; or it is ■errai''. 
with teeth directed towards the apei (Fig. 9 17), as in the RoEie ; or crtnate, 
with obtnse indc-ntations, aa in the Violet (Fig. 14 E f). If the margin be 
more deeply iodooted, the leaf is said to be incited, and the incision may bo 
either palmate or pinnate, according to the mode of venation. In order to 
eipresa the laet that the inoision oliends less or more nearly to the junction 
of the Umiaa and petiole in palmate leaves, or to the raid-rib in pinmite 
leaves, diflereni terms are used. Thus the leaf ia said to be lobed and piiirui- 
HfiJ or palmalijid, when the incisioD does not extend eo far as half way (iu a 
palmate leaf, Fig. 9 B) ; partite, when it oxtenda about halt way (Fig- 11 dj ; 
diuected, when it extends the whole way (phf laciHCOtod. Fig. 11 C). 

Compound leavei are formed by the division uf the lamioa into several smaller 
lamimc, oonnectcd by their socondbry petioles (petiolulet), which are called 
UoJUtt (foUola) (Fig. 11/). Tbe oompuond kof. like the lobed or partite 
•imple UbI. may be palmate or pinnate. In the former case it ia called, ne- 
eording to the Dumber of the leafieta (three, four, five, or more) temalr, 
qmiilrinate, quinate. etc. (Fig. II B ia tcma(e), and by further divi^tiou of tbe 
leaflets it moy become bileruatf or irilernate, etc. {e.g.. Clover, Lnpin, Horse- 
ehostnut), In the compound piniialt leaf tbe separate leaflets are called piuaa;, 
and are inserted on each side of the mid-rib, or racAii (Fig, 11 B f), which 
BppMTB to be ■ prolengatiou of the (me petiole (Fig. II D r). If the laobia 
terminates in a single leaflet, the leal is said to be imparipinnale (Fig. 11 D i); 
btll when it has no terminal leaflet, it is paripinnate (Fig. II £). AMording to 
the number ol tli« ftiia of leafleM. the leaf is said to bo bi- or Iri-jagate, etc. 
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(Fig. 11 E). It ia intemipiedly pinnate vhen large and small pirms occur 
altemaCely or irrcgalarl;. as in Polentilla amerina. WboD the pinnate eeg- 
meatation ia repeated, the leal becomca bi-pinnate or Iri-pinnate (Fig. 11 B). 
Man; leaves, by a combinatiaa of palmate and pinnate arrangement, acquire a 
bighlj comptei aoniomiBtioD, a» is aeeo in manj unibellifeiouB plants. 

Leavea or portions of leaves are ooooaionallf tranefonued into ttndrilt, vhiab 
are organa of altaohment (se« £ 46) ; tMe is the oass with the raobiB-and with 
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F LapariplnnBte ntiljasale leaf ot Uediago. 
TM* <iilTan irom n, wbtch u Mronte, iruuranch h [be Kcondarr Inf-aUlkB f ' do not all 
spring from one point, bpt the cnmmon Icaf.elalk p nlendi bo^ond the insertion of the 
■Ingle pair of plnne. fl I*a( odlie Orange ; tha Brtioolntion o Iwineen iho blade and the 
Kinged petiole Bhows that it it a componad lest. H Blplnnate leaf of the Jlcadai 
t" »BOoadary raehie; f" looonflarr pinnos. 
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le of the piniLEe, in the Vetch, Fsa. and other allied plants fFig. B C / 
and rf). Leee frequent!; the lamina is metamorphoaod into an aictiituni, 
ogBimiiDS the form of a pitoher, as in Nepenthes. 

The texture of mort leaves ms; be deaatibed as herhacroui. Leaves of this 
kind lost nsuall; for onljr a single eeason, and die or foJl off in the antninu. 
Loaves of flrmer teiture, whioh are said to be coriaceout, sarvive the winltr. 
and either fall oB when the new leaves are developed (the Privet), or continue 
to live tor Hfiverai jears, (Holly, Boi. and most Conifers : the acioulor loaves of 
the latter may persiiit tor as many as twelve years. (Silver Fir)). FUihy or 
AJoo, Sedum, etc. In many oanos leaves are meta- 
morphosed into ipiTui : these are hard-pointed, 
woody stmeturos, which, bom their position, may 
he recognised as being modified leaves ; such are 
the leaves on the shoots of Betberia (Fig. 12 ah), 
the stipolea of Bobinia Pie\idiicacia, the peraiateot 
petioles of many species of Caragana and Astra- 
gains. 

The relative positiot) and the form of leaves in 
the bud present many characterietic peuuliarities. 

According to the greater or less breadth of the 
leaves, those which are ooutlBUOus to each other 
either merely touch at their edges {vallate prt/olia- 
Eton, OT aiU nation in the com of flowers), or their 
edges overlap {imbricate prifoliation] ; an inter- 
mediate form, known as the contorttd or tmitlfil, 
ia to b^ touud, for example, in the arrangement of 
the petaia of the FeriwinMei in this case one 
margin of each leaf is directed obliquely innaril^, 
and oovors that ol the next. As regards the form 
1 ol the individual leaves in the bud, called the 
ihwit o( odfl yeWm gronih. pemation, it is diatingoiahod as plant, when tbe 
tMT'withm'^l^rmrtlL^' '**' " ""' 'ilJei; « Conduplicali. when the two 
kkulllorf bBd*(iuk*lH). * l>alTCB of the leaf are folded inwards from the mid- 
rib {t.g., the Bean) ; as plicate, when tbe leaf ia 
folded in nnmeroDBloDgilDdinal or slanting pleats |c,;., the Beeeh) ; axcrumpUd, 
when tbe loldings and ineqnalities are in every direction ((.;.. tbe petals of tbe 
Foppj) : at involtttt, when the edges ara rolled inwards towards the midrib {e.g., 
the Violet) ; m Tevolule, when they ore rolled inwards towards the midrib on 
the lower surfaos {t.g.. Sorrel; ; ai convolutt, when the whole leaf ia rolled up 
from one margin so as to form a single coil {r.g., Canna) ; or ai eircinatt, when 
the leal is rolled up from the apex dowawaida (e.g., Foma). 
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In highly or^miised and differentiated plants many fomiB of 
Itrnf-Btrovtnrea (phy Homes) may be diatin^^slied, for certain 
re^ons uf the stem bear pccali&r forms of leaves, which thoagh 
differing in Beuto rwpecte, agree in Ihc-ir general charactoristics. 
These are : 
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1. FoHage leaoes, Tianally known eiinply as leaves (Fig. 13 L). 
This is the moat general form. Theee le&vcs ore conspicooos on 
Bcconnt of their green colotir, and in accordaoce with their ftinctiou 
(see § 33), they are exposed as mnch as possible to the son-tight. 
If they are small ihey axe very nunerons (Conifers), and the larger 
they are the fewer they 

are (Son •flower, Panl- 
ownia). They always 
possess a well- developed 
lamina, which presents the 
various peculiarities of 
form previonsly described. 

2. 8caiet or caiaphyllary 
leaves (Fig. 13 N). These 
are osnally of a yellow or 
brown colour, of simple 
stmctore, without project- 
ing veins, and attached to 
the stem by a broad base. 
They may be regarded aa 
the sheaths of leaves, the 
petioles and laminie of 
which have not been 
developed ; this is trae 
even in the case of those 
plants the foliage-leaves of 
which usually develope no 
sheaths. They always oc- 
cur on anbterranean stcma 
(e.g., the scales of tho 
Onion), and sometimes on 
aerial stems. Many plants 
which are not green (Oro- 
banche, Neottia) produce 
only cataphyllary leaves 
in addition to the floral 
organs. The most common form in which they occur upon aerial 
stems is that of scales investing the buds of trees. In this case 
they are the lowest leaf-structures borne by the annual shoot, and 
usually fall off as the bud developes. 

Some indi^enam tieet have caked buda witbcnt «caleB, m Viburtatix Lantana 
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and Bhamntu Frajtguta. Tha foUoving varieties of bad-Bcalea maj be dis- 
linguialied : 

a. Ho true bud-scalca — the investment oi the bud ia Formed b; the stipules 
□f UiP first [olioge-leaf : vIIruj incanaaad LiriodendroD. 

6. The Btipulis poaseM laminai, &diI are covered exlcniallj by ona or mote 
simple scales : Poplu. Willow, Elm. 

e. The bad-scates are stipules without lamina : within them are stipules 
with laminee. and there may be simple scales outside of them : Beech, 
Oak (or they may be absent), Birch. 

d. The bud-ecalea are simple leaf-sheaths without laminn ; the foliage- 
leaves possess neither stipules nor aheaths; AfaieLineiB, Maple, Horse- 
obestiiat. 

In a cert^n senae the eotyledont of PhaneroganiB, the learca first 
developed from tho eeed, may be regarded as cataphyl]ary leaves. 
These will be discussed at a later period. 

3, Bi/psophyllary leiives or braeli {Fig. 13 Hd) belong to that 
region of the stem which bears the flowers. Thry are smaller 
than the foliage-leaves, and are inserted apon the stem by a nairow 
base (the glomes of Grasecs), They may be green or of variona 
colonrs. 

4. Tho Flower is a shoot, the leaf-strnctnreB of which have been 
modified into sepals, petals, stamens, and carpels. It is pecoliar 
to Phanerogams, and will be diBcossed when those plants are treated 
of. (Part IV.) 

§ 5. Stem-structures or Axes (Canlomea), with the escep- 
lion of the primary stem of the seedling, which is derived directly 
from the oosphere, take origin from Bt-eme of older growth ; they 
nsnally spring, as has been ehown in § 'A, from the axils of the 
leaves. Ab a rule, one lateral shoot is formed in Ibe axil of each 
leaf, but sometimes more than one is formed ; when this is the cae^ 
the sItootB are either situated one above the other, as in Gleditschia, 
or side by side, as in tho bnlba of Hnscuri. All the shoota that 
originate as lateral buds are not necessarily developed into branches ; 
thus the bnda which aro formed in tho axils of the bud-scales 
always remain nndeveloped, and are only incited to growth when 
the other buds are destroyed. Buds which thus remain undeveloped 
for a long period, often for years, are called dormant, and the shootB 
which are ultimately prodnced from them are said to be deferred. 

Adventitious shoots occur on old stems, and also on roots ; fre- 
qacntty, for instance, on those of tlio Poplar ; sometimes even on 
leaves, as in Bryophyllum and many Forus. 

Bods which become BOparato from the parent plant before their 
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elongation has begnn, and pvodnce new independent plants, are 
called bitlbih; auch are the bulbooB buds in the aiilB of the leaves 
of Lilium bulbi/eruin, and in the in&oreacences of species of 
Alii tun, etc. 

The typical form of the stem is cylindrical or prismatic ; in the 
latter case the number of the angles bears a definite relation to the 
arrangement of the leaves ; for instance, when the leaves are oppo- 
site and deouBBate, the stem is qnadr angular. Irrespectively of the 
the thickenings of the stem at the nodes which separate the int«r- 
nodoH, a, tumidity, the pTilviritis, -nsually occnrs at the insertion 
of the leaf, which is very conspicnoiis on the branches of the Fir, 
Poplar, and Ash. 

The different forma of stems are determined by the period and 
direction of their growth, the length of their intemodes, the relation 
of their thickness to their length, the form of the leaves they bear, 
and by other factors. 

The soft herbacGODS axis ot annual plants is tibubUj known aa a italk (oanliB) : 
tbe teima trunk, branch, and bough are ueaall; applied to stem -structures which 
peraiat and increaae in thickaeas for several ;earB. Tlie latter are built up ot 
eoccessive annaal ahoota; foe, during the time when growth ia inactive, which 
in DOT climate is in the winter, tha apical and the lateral shoots remain qniea- 
oent in the condition of bads. The lowest intemodes of each annual sboaC ace 
short, particularly those wbich lie among the bnd-dcateii, bo that the limit between 
the aboota ot two auccessivo years la easily recogniaed even in old branches b; the 
close arrangement of the scars of the fallen bud-scales. The other intemodes ol 
the annual aboot are longer nearer the Qpei, but are Bometimea short again close 
beneath it, as in the Oak. so that the leaves and lateral bads are crowded below 
the terminal bud. When most of the internodca are elongated, as has b«en 
described, the structure in question is an ordinary shoot-, but on many trees 
there are also dicarf-ihooli. Theae are annual shoots the intemodes of which 
have hardly elongated at all. Bud usnally bear no lateral shoots ; such ore the 
shoots bearing the fascicled leavea ot the Larch, which spring from the axils ot 
the leaves of an ordmary shoot ot the aanie year : they usualty elongate but 
slightly each year, but shoots of this ddscription may, under certain circum- 
stances, develepe into ordinary ahoota. In the Scotcb Fir, these dwarf -shoots bear 
only two green acicular leaves in addition to scales, and arise in the axils of the 
scaly leaves o( an ordmary shoot of the aame year's growth. In forest-trees, 
these dwarf shoots occur eapecially in otlvaaced age, or when their growth is 
stunted ; they are very connpicuous in the Apple and the Fear, and otlier similar 
trees, and are the only ports of the tree which produce flowers and fruit. 

The stem ot herbaceous plants ia usually errct. but sometimes it ta proilrate, 
SB in Thyme; when, in this caae, roots grow tram the nodes, it is called a creep- 
ing itim {lobolci. Fig. II E). Stolont ace long, slender, lateral shoots which 
grow close upon or under the surface of tlie soil and take root again at some 
diatance from the parent plant (;.;., the Strawberry, Fig. 14 D], Twining oi 
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climbing itemi nie sleme ithich produce leareB and flowers, and at tbe same time 
grow upwards rouud aprigiit supporta (Fig. 15 B), as the Hop. B^an. CddtoI- 
TuluB, and otbera (v. % 4fl}. Other plants climb b; meana of tendriU (ciirhi), 
i.e.. slender, filiform, lateral shoots with oulf minnle scale-like leaves which 
twiat apirall; round foreign bodies (Fig. 15 A), as in the Tine, Virginia creeper, 
P^ssioo flower, etc. 
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llM bod* bi, and In 

badi. B, Bulb of Himeinthiii arirhlalU (reiliici]d)i li Ihe diKolc 
•i*lli irhfoh (I ■ 

in aUUvr bt 
i«.rti(l);K«lri™»e 
(bliage.leain L— D SaBiur ot tbo Btrewberrr. rraguia (redttced), spri 
plant a, with ecajj Invea ^ from th« aiLI oT whiah a aefr ruiiaar b arii 
Mam af (he OnKuid 1*7, Qltckoma htdinufi (redaeed) ; // decnuatc IcaToi 
aratwUMdj •aiillar7>h(»(! viwl. 



Many aiial etnictorea become Iham; being metdmorphosed in 
pointed bodies. BometimeB the apex of a aboot is modified it 
it baa prodnced 
leaves, e.g.. tba 
Sloe (Fig. IG), or 
certain lateral 
eboots are de- 
veloped as tborna 
from the Srst, aa 
in OleditEcbia, in 
ttbicli plant ae- 
conitary thorna 
also lire developed 
f Tom the axils of 
scaly leavea. 

With 
to tbose subter- 

monly knomi 



part oatftphjUary 
leavea. the 
important 

rhiioiru, which 

differs but littla 

from the ordiniuy 

tjpieal 

grows horizon- Tpi',;,!;""!* ^u^ 

tall)' noder the peculiar in liM, the; are cppoiile to 

earth's HOrface. IpomiBa, t, with Imvea band » bud » 

and developes 

new aerial, hcrboceoua gtalks and sometimeB green 

leaves every year (Fig, 14 C) : the tuber, which 

growa greatl; ia thickness and beaia onl^ i 

aealy leaves ; e.g., the tubers of the Potato and of 

Eelianthui Cuberatiu (Jemsalem Artichoke) (Fig. 

liAk): the balb (Fig. 14 H), which consists ol a 

flat discoid axis {k) bearing numerous crowded and 

overlapping leaves (i) f.g,, tbe Onion and Tulip, 

and tbe eorm (Crocus) in whicb tbe axis ia larger 

and the scales less nnmerona and more delicate. 

The form of etenl which illSers most widel.y from 
tbe ordinary type is tbe phyllodadt, which re- 
sernbles a leaf in its appearanoe, and bews only iowsr, thobndk. 
very small tnie leavea, e.g., the branches of Bubous and Phyllantbi 
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20 PABT I, — THE MOBPHOLOOT OF PLAKTS, [§ 6. 

CoottiB laaiDy there i% the Kreatest direreily in Ibe fonn of the stem ; it mn; be 
leaf-liko, spbcrical, ofliadikal, coluumar, etc. — bat in all cues tbe leaves are 
TDdimcntary. 

§ 6. Development of Branch-Systems. Jnst as it is poB- 
Hible to ascertain the Iflwb gaverninir the relative positions of all 
members growing in acropetal STicceBsion from a atndy of the leares 
(wliicli are Etlways developed in that order), bo the atady of the 
branching of sterna will lead bo the general laws which regulate 
branching. By branching is meant the prodnction of similar mem- 
bers : — thus it is an instance of 
branching when a root produces 
a lateral root. Any member 
frith its branches composes a 
branch^ilem, and every branch- 
ing member is, with reference to 
its branches, the axis of a eys- 
tem. The following types of 
branch-systems may be distin- 
guished, according to the ar- 
rangement of the members: 

1. The branching is termed a 
Dichotomy or PolyoUrmy, when 
the direct apical growth of a 
member ceases, two or more 
growing- points which are equally 
vigorous, at any rate at their 
first development, being fonued 
at the apei. The member which 
1 On* d*r«- bears the branches is caUed the 
diohcFtomji \,as& or vndium, and each of 

btf* the laO-bud bnuch la alwaj, mors ^. , , , ,, 

fisonoi ihu tbe righi (r). c scorpioid ^^^^ branches may become the 
dlehovuari MiB rl(ht uid left bnmchoi »™ base of a new dichotomy or 
^^ ■ polyotomy. They may either 

continne to grow wiLb equal vigour, and then, in the case of a 
dichotomy, tho branching remains distinctly bifuix;ate (Fig. 17 J), 
or tho system may becomo ir/mpodtal, if at each bifurcation one 
brftncb becomes more strongly developed than the other : in such a 
case the bases of the gnccoBsive bifurcations appear to constitute an 
ftxis, which is called the p«eud~axU or tympodtum, on which the 
weaker branches appear as lateral branches (Fig. 17 B.C). Tho 
■jnnpodinm may consist of bif nrcatioua belonging to the same side 




no. 17.— Dlaarsm or (ha narii 
daralonmrDl of ■ Disbotomr. 



of the BnccesaiTO dichotomies, either to the left or to the right (Fig. 
1? B), whaa it is said to be a helicoid (botirifclwid) dichotomy, e.g., 
the leaf of Adianhim pedatum, or it may consist alternately of the 
right and left bifurcations of sncceaslve dichotomies (Fig- 17 0), 
when it is said to be a tcor^oid (cu:iital) dichotomy. 



DEcbctatDnaa branching is latber nncommon, and Bcaj^>e1j ever occare in 
leafy shoots : it ocaura in the toots of the LycopodleiD aoil is (bo trondose 
LiverwortB. 



2. The branching ia aaid to be racemose when the member con- 
tinnea to grow in its original direction, and produces lateral 
branches in a<?ropetal succHSsion tehind its apex; it is therefore 
the common baae of all the laterikl shoots, and hence t 

termed mono- 




> f»1m Dirt 
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the lateral 
branches of 

pendent, as to 
their position, 
upon the ar- 
rangement of 
__^ ^ the leaves, and 

■yium. TliaBenumberailiriinilir'aToiiqaBlly ilgoroas,MlilliiucIl are therefore 
moro»H*iUiDpriBiBiTUi»I. (From Bwh*.) developed in 

acropetal snccussion. Each branch may subseqnently branch again 
in the same manner. The primary axis continues to grow more 
vigoroosly than tho lateral axes, and each lateral asis stands in tho 
same relation to the lateral axes. 

3. The branching is said to be cymo«e, when at an early stage the 
growth of each lateral axis begins to be more vigorous than that of 
the primary axis above the point of origin of tho lateral axis, and 
when the lateral axis becomes more copiously branched than the 
primary axis. Hence two forma may arise : 

(a) there may he no pseud-axia ; this is the case when two or more 
lateral axes are developed in different directions and grow with 



nearly eqiul rigour (Fig. 18) and more vigorously than the primary 
axis, whiuh soon ceaees to grow ; ench a system hae a certain resem- 
blitnco to B, diuhotomy or palyotoniy, and is called a false dichotomy 
(Dichasimn) or a fahe polj/olomy (Polychaainin) : or (^) a j)geud- 
lUM {> formed; this takes place when only one lateral axis developes 
vigorously in caeh case, as in Fig- 19 A, where the lateral axis 2 has 
grown more vigoronsly than the mother-axis 1, and so on. (In the 
diagram the dark lines indicate tho more vigorous growth.) The 
pBoud-aiiB which is thus formed is at first crooked, but in most cases 
it subscqaontly becomes straight (Fig. 19 A becomes B). If the 
■trongur growth always occurs in the lateral shoots of the same 
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Bide, tho system is called a helicoid eyme (Fig. 13 D) ; if alternately 
in those of both siilos, it is called a neorpioiii eijme (Fig. 19 A B). 
Such a branch-system is sujd to bo gympodiul. 

At onunple* at theia ritriiiiii inodi^s of branching, the InfloreMeneei, which 
will U tnntcd ol ■abwqaently (Put IV.). may be cRpecUlly mentioned ; the 
loUowing an wlMted trom the TegetBtiTa orguiB ; 

SaetMM* bnnobiDg is itrj erident iDConilen; the trrmk is alwtyB more 
itronilt; developed Uibd iti lateral ttrauDhee, and these tbim theii laler&l branches. 

Faltt DUhotony ii eihibited in tho stem of Viscnm, the apei of which either 
tetaiinatei in a flower or elw dies : only the axillary buds of the two leavcR de- 
nlop* into new ■niinalBhogl*- As ngardsthe arrangement □( the annual ahoots. 






PABT L — THE MOEFHOLOOT OF PIANTS. 

the ume (MCtiia in Seringa, in trbioh the aiilliu; bnda of the appennost pair of 
leaves lorm the contmuations of the stem, whilst the termiDol bud dies ; also in 
Rhamntu catharticua , in tchich the main ititiB is motfunorphosed into a thorn. 
In this case the brimohing of each annual shoot is racemose, but the succeasivo 
annual ghoots form a OTme. 

The BuacesBion of the annuol ahoota ot many trees, as the Birch, Elm, Beecti, 
and BqzqI. affords eiamplea of the tijmpodial cyme ; in tliese, each annnal shoot 
either terminates in a flower, or it dies, and the uppenunat lateral hud forms its 
continuation. Here also the branching of eaoh anunol ehoot, apart from its 
apex, IB racemose. 

§ 7. T!iB t«rin Root in its botanical sense ia not applicable, as 
in ordinary parlance, to any enbterranean part of a plant, bat only 
to those members of a pliint which are developed endogenously, 
which produce no leaves, and which 
have their growing- point protected by 
a peculiar stmctaro, the root-cap (Fig. 
20 A). The outermost ccUa of the 
root-cap are thrown off while new 
ones are continually being formed at 
the growing- point. 

Roots only occur In snch plants as 
poBKess fibro- vascular bandies, and 
they themselves invariably contain 
such bundles ; only a few vascular 
plants are entirely destitute of roots 
(Salvinia, Lemna arrhixi, etn.). The 
term primaru root (tap-root) ia applied out (™m iha porioambium of the lap- 
to the root of a yonng plant which ,^ „jg g umm.] f PibiuvMoular 
lies in the same straight line na its hundiei. r Conei of the mnm ro«. 
primary stem ; m the Vasenlar Cryp- 
togams and in the Monocotyledons it remains small, and it is only 
in tlio Dicotyledons (to which gronp the Bean, the Tobacco, the 
Hemp, and the Oak belong) and in the Gymnosperms, that it 
attains a considerable size in proportion to the rest of the plant. 
All the other roots — the secondary and the advenlitiotis — originate 
laterally upon the primary root, or from the stem, or even from 
leaves. They invariably originate from an internal layer of tissue, 
and then break through the external tissues. On anatomical 
grounds (§ 25), the lateral roots are arranged in longitudinal rows 
on the main-root; at a later period, however, numerous adventitious 
roots are snccessively developed here and thei-o between the original 
lateral roots. 
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PAST n. — THE ANATOSIT Of TUmB. [§§ 8, 9. 

The primitiTe form of roots ia that of an elongated cyllniler : onl; tboae roots 
whioh nnJergo a gradual growth in tliiokneBB and at tha lame time become 
■nocttlent acquire a spindle gbape. e.g., Beetroot, or exhibit tuberous ivellingB, 
e.g., the Dahlia. The atrial rooli of m-aa; tropical plants, such ta Tree-Ferna, 
Orchids, and Aroids. which neTve to allnch them to tall trees and other snpporta, 
are phjsiologicall; different from true roots. So, too, ore the climbing rmili of 
tbe IvT, which grow eloee together from certaiQ pArts of the slem and remain 
qaite ehort, somog aa a means of secnre altaohmeot to walla and tree.tranka ; 
also the lucker-roaU ot maoy parssitiD pUcls, e.g., Dodder (Cuscnta), which 
penetrate the tissues ot the plant which nourishes them. 

§ 8. Hairs or Trichomes are oi^ana which are developed from 
the epidermis of a member. This category includes aot only hairs 
in the strict senfie of the word, such as will be deBcribcd hereafter 
in § 29, bnt also many reprodactive oi^ana, anoh, for instance, as 
the sporangia of Foms. 

Fricklft. snoh as those of tho Bramble ot of the Hose, 

fare nsaally included among trichomes (Fig. 21). Thej 
differ from tnio hairs in that they are formed not from 
the epidermis ody, but from the subjacent tissue also, 
but they agree with them in that they are not arrangod 
in any regular order, ami are not the resnlt of the mo- 
dificatioD ot certain members (oanlomes or phyllomes), 
\ as is tbe case with tboms and spines. Like the boira thej 

I are merely appendages, the occurrence and arrangement 

of which does not materially affect the general atrncture 
of the plant. Ia order to indicate tbe (act that they are 
not developed in tbe same way aa true trichomes, prickles 
a. *!,— PrtcklM no mj jUied strnctnres (warts, tnberdes, etc.) may be de- 
signaled as Emtrgfnci: 

The ordinsiy baira may be simple, or compound, Ihoy 
■nay be stellate, they may be hardened and elongated 
(sele), or they may be glandular. Aocoiding to the nature and number of '.ha 
hairs apon it, a surface is said to bo pubiteent (tbe Quwet-stalks of the Prim- 
rose), piloie (leaves of the Sunflower), hirtute (Uyoialu tylvatlca), tetoie 
(Borroge, Eohiam), cilloui {Anfmotif PuUaiilla), tomtnUitf (leaves of Pftaiitit 
niviUM and ip«riui), tilky (leaves ot SMx alba), woolly (Stachyt genaanica). 
It there ate no haira upon it, it is said to be flabroiu. 

§ 9. The body of the lower plants (Alga:', Fnngi, and many 
Liverworts) eiliibltH no differentiation of stem, leaf, and root. It 
■ possL-ttaos organs which serre, like tho roots of the highor plimts, to 
fin tho plant to tlie soil and to absorb nntriment, and freqnently it 
(^xliibilH branchings which resemble leaves j bnt tfaoso stractnres do 
not properly belong to the two categories as defined in § I. Snch a 
body is termed a Thailui, A thai I us may, and very freqnently diKis, 
bear troe trichomes, snob, for instance, as root-hairs. 
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PART II. 
THE ANATOMY OF PLANTS. 



§ 10. The members of the plant which have been described in 
Part I. agree, as to their external stmctnre, in this, that they all 
consist of cells or of structures formed by the modification of cells. 
The cellular structure of the parts of plants may be easily observed: 
a section seen with even a low magnifying power shows cavities 
separated by walls. Sometimes it is possible by mere pressure to 
separate the cells forming a tissue, as in the case of the ripe Snow- 
berry (fruit of 8ymphoricarpii8 racemosus), when they appear as 
closed vesicles filled with fluid. Certain cells always occur isolated ; 
thus the pollen consists of isolated cells. The form and develop- 
ment of cells, the mode of their combination to form tissnes, and 
the resulting texture of the tissue, may vary greatly. Since the 
variety of the tissues depends upon the development of the cells 
composing them, it will be advantageous to study cells, as such, 
first) and then the tissneis. 



CHAPTER I. 
THE CELL. 

§ 11. The Structure and Form of the Cell. In a well- 
developed living cell the following three principal constituents may 
be distinguished : 

(1). A firm elastic membrane, closed on all sides, the celUwall 
(Pig. 22 Oh\ which consists of a substance peculiar to itself, called 
cellulose, 

(2). A layer of soft- substance, the 'protoplasm^ lying in contact 
with the inner surface of the membrane, and, like it, closed on all 
sides; this always consists of albuminous substances (Fig. 22 G p). 
In all the higher plants at least, a nucleus (Fig. 22 Ok) occurs 
imbedded in it. 
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(3). A -watery fluid, the eell-ttip, which fills the whole spjice, 
called the vaeuole, enclosed by the protoplaBm (Pig. 22 Cg). 

The eame cells in wlilch these three parts may be diBtingnished, 
preseat, in their yonnjj state, when they are very much smaller 
(Fig. 22 A), quite 
a different appear- 
ance. At this period 
the protoplasm fills 
the whole cell ; the 
cell-sap makes its 
appearance in the 
coarse o£ develop- 
ment, at first (Fig. 
22 B) in the form 
o£ small drops. 
These, while tlie 
whole coll iucrefuses 
in size, gradually 

coalesce; while at 
the same time the 
bands of proto- 
pla.sm which se- 
parate them aro 
absorbed into the 
peripheral layer. 

In this way these 
cells attain the con- 
dition in which they 
i-coUi rrom the coRJc*! IkjeroC ths root remain nntil the 

I liioB elon to the apai of tb.a nxil, (Clll irlibont ■■»■.' b-^ 
CalLa of Ui« HDu dwotipuon stwai 1 met. >bDT> iba of which thcy form 
, root, iL. wit*p . t™. «p««. d™p. to ch8 t_ Thcy may be 

y. C Colli of UiB umB dMDrtption kbom T-B atn. '^ J J 

■poi of ttan noCi (ha (wo bbiib to tiw right beioir taken afi examples 

■ fronlvlowi IbBlH^cclKoChglsrtbelowliln ^f the cells which 
» «ll lo ibe righi »bo»» ii opened by Ibo mcHoo : , 

I rfiowi, nndBr CbB iiieuuncB o( ihe prnotmtlng Compose the snccU- 

iodIUu *pp«uuoa ot aKatling (I vJ. (Copied (rom lout parts of plants, 

snch as tiio cortex 
of stems and of roote, and fraits. Other cells, as for instance those 
of wood and cork, pass beyond this Htage and become btill further 
modified ; the cell-sap and protoplasm disappear, so that at last only 
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air or water is contained within their walla. But whilst cells of the 
former class, fnmished with protoplasm, are capable of carrying on 
osmotic and chemical processes, and, under certuin conditions, of giv- 
ing rise to new cells, — that is to say in short, of living, — mature wood- 
cells, devoid of protoplasm, are no longer capable of performing these 
fonctiona; they aro 
of nae only in virtue 
of the firmness and 
other physical pro- 
perties of their 
walls. Hence the 
protoplasm is to be 
regarded as the 
living body of the 
cell. Indeed, there 
are cells which, 
when first formed, 
consist only of naked 
protoplasm, and 
they occur precisely 
in connection with 
the most important 
vital function of 
the organism — that 
of reprodnction. 
Sach cells are 
termed primordial 
eeUt (Fig. 37 B). 
They enbseqnently 
become sorronnded 
by a membrane 
which is secreted 
by the protoplasm. 

From this it ap- aodliUiBremam.of thesbeorb 

pears that the cell-wall, as well as the cell. 

vital activity of the protoplasm, It has been attempted to express 
the essential characters of the cell by describing it as a mass of 
living prntoplasm which wsualhj mrrounds itself lailh a firm membrane, 
Mid lakes ttp fluid into itself. 

Vorions as the internal arrangements of the cell maj be, its size 
and form may vary quite as widely. While some cells are so small 
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that little more than their outline can be discerned with the help 
of the Btrong-est mngmfying' power (about O'OOl of a millimetre in 
diameter), others attain a couRiderable size (from O'l to 0'5 milli- 
metre), so as ta be distinguisbafale evea hj the naked eye (for 
example, in the pith of the Dahlia, Impatieaa, and Elder (Sam- 
buoue)). Many grow to a length of several centimetres, as the hairs 
upon the seed of Gossypium (cotton) ; others finally, as ia some Algie, 
where the whole individual consists of a single cell, attain still larger 
dimensiona. 

The Fonii of such cells aa constitute an entire individual is often 
nearly spherical, or ovoid, or cylindrical ; but they may also eihibit 
a highly cotnples conformation, in consequence of the assumption of 
quite different forma by the various outgrowths of one and the 
same cell. The various organs of highly organised plants consist 
of very different cells, and oven in the same oi^n cells lie side by 
side which are of very different form, and which are filled with 
somewhat different contents, for diverse functions have to be per- 
formed by a single organ. The cells in such a case are sometimes 
spherical or polyhedral, with nearly equal or slightly differing 
diameters (Fig. 22 0, as in pith, in juicy fruits, and in fleshy tubers) ; 
sometimes greatly elongated and at the same time excessively narrow 
(Fig. 23 A and It), as in wood, in bast-fibres (Flax), in many hairs 
(Cotton). Longitudinal rows of cells frequently combine to form a 
special organ by the absorption of the transverse septa which 
separate their cavities (Fig. 23 C): it is thus that the ve»seli,aa they 
are called, are formed. (See § 22.) 

§ 12. The CelUwall consists of cellulose, water, and inorganio 
constituents. It originates and grows in consequence of the secre- 
tion of these substances by the protoplasm. The growth of the 
cull-wall takes place both in extent and in thickness ; it is effected 
by the intercalation of aJditionaJ particles of solid matter between 
those already existing in the membrane.* 

By itti mijierficlal gromlh tlte surface of the membrane and con- 
seqacutJy the whole volume of the cell, ia. increaijed ; so much so 

* ThU mode of growth b; Intanalition of new loUd partiolea between the 
eiitting parliclos is known as inluHiuccpCion, and is oBBontially diSoront from 
ofpniitioA. — thftt u to m;, the deposition ot new prtrtiolos apon the snifoce of 
Uu growing body, aa In crjilab. Tbia pliimomeDDn fa otoaelj connected with 
tbe ideft that in the oetl-wall. at in atarch gruialea and other oiRaniaed bodJea, 
Uu aolid pftTticlw TDoat be eoae«iieiI ot aa being auiroiuided oo all udet by 
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that thB volnme of the cell not nnireqiiently becomes a hundred- 
fold |^!it«r. Thns, for instance, in a leal encloaed in a leaf-bnd, 
the cella, of which it will consist when 
matare, all exist already, and it is b; their 
simnltaneons increase in volnme that the 
leaf attains ita nltimate size. In the rare 
cases in which the enperficial growth is 
eqnalty great at all points, the cell preserves 
its original form, but nsnally the cell-wall 
grows more vigorously in certain pa,rtB than , 
in others; thus, for instance, a primarily i 
spherical cell may became cubical, tabular, ^ 
cylindrical, tubular, fuaiform, and aw forth. 

The growth in Ihicknesi of the cell-wall '"^* 
is also rarely uniform ; the cell-wall commonly becomes more 
thickened at BOmo points than at others, and thns acquires in- 
equalities of Bnrface. In the case of isolated cells or of free ceil- 
walla, the promineDces esisting in this way on the external aur- 
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face appear as warts, tubercles, knots, etc. (Fig. 24). Cells that 
are unibed to form tissnes have their inequalities on the internal 
surface of the cell-wall ; the prominences sometimes have a defi- 
nite form and project into the interior of the cell ; such are the 
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annuhiT (Fig. 25 r) and spiral tliickeningB (Fig. 25 ») of tlie walls 
of certain vessels; in the eo-caUed reticulated cell-walla, the thicken- 
ing is in bands which are united into a network, so that circnlar or 
oval thin spaces are left. In other cases, solitary and relati^fely 
email thin spaces are lott in the wall in the conrae of the growth in 
thickness, which appear, when seen on the external snrface, as 
bright spote, conunonly called pile, and are seen in section to bo 
canals of greater or leas length, according to the relative thickness 
of the walls (Figs. 2(! and 27). Very frequently the 'pit, when seen 
from the surface, presents the appearance of two concentric circles 
(Fig. 23 C) ; for this reason, that the opening of the canal into the 
interior of the cell is narrow, whereas the eitarnal opening is broad. 
Snch bordared pits occur in the wood-cells of Conifers (Pig. 42) ; in 
the walls of many veasels (Pig- 23 C) ; and elsewhere (Fig. 41). 
The Bcalariform thickening of the walls of many vessels arises from 
the regular and close arrangement of bordered pits which are much 
elongated transversely. 

Tlic coil-wall shows indications, in many cases very plainly, of an 
intimaf« structure which depends upon the regular alternation of 
more and less watery layers ; this displays itself in transverse and 
in longitudinal section as concentric slratijicalion (Fig. 27), and on 
the surface as tlrialion. 

Thin cell-walls generally consist, as regards organic substance, 
entirely of cellulose, which assumes a blue tint on the addition of 
iodine and sulphnric acid. In thickened walls it frequently happens 
that certain parts, composed of snccessive layers, consist of modified 
cellulose. The principal modifications are the following: — 

(1). The cellalose may be converted into cork (cnticnlarized). 
Tlie cuticularized cell-wall is extensible, highly elastic, almost im- 
permeable to water ; it turns yellow when treated with iodine and 
sulphuric acid (examples, the cells of the epidermis and of cork, 
pollen -grains, spores). 

(2). The oelluloeo may be converted info Ugnin. The lignoons 
cell-wall is hard, inelastic, it is easily penetrated by wat«r, but it 
docs not absorb much ; it tuma yellow when treated with iodine 
and ealphuric acid (examples, wood-colls). 

(3). The cellulose may bo converted into mucilage. The mnci- 
Iftginoua cell-wall is, in its dry state, bard or homy; it can 
absorb a large quantity of water, and at the same time it increases 
greatly in volume, becoming gelatinous ; it UBually tnms blue with 
iodine and snlphuric acid (examples, linseed and qninco mucilage). 

{ J 
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These raodiiicatioiia may occiir either singly or together in the 
different layers of one coil-wall. 

Mineral mailers are also freqnertly deposited during growth in 
considerable qnantity in the cell-wall, particularly salts of lime and 
silica ; they ate unnally intercalated between the solid organic par- 
ticles of the cell- wall, so that they cannot be directly detected, bnt 
remain after burning as a skeleton wjiich retains the form of the 
cell. Silica is present in the stems of Grasses and of EquitietaceiG. 
Calcinm carbonate sometimes occurs in a crystallized form (aa in 
the epidermis of the Urticeie), and calcinm oxalate also in well- 
defined orystala (§ 18, Fig. 34). 

§ 13. The Protoplasm consists principally of albominona Btib- 
etances (proteids), water, and a small proportion of ash conatitnents. 
As it is the seat of all the vital pheuoracna and nntritive processes 
of the cell, it mnst obvionsly contain within itself at different times 
all the other chemical constitnents of the organism. Sometimes it 
appears homogeneous and transparent, bnt it is generally more or 
less grannlar in consequence of the presence of drops of oil, of 
starch grains, etc. It is of a tenacious consistence, sometimes firm, 
sometimes almost fluid, bnt it is oerer a true fluid. When the 
protoplasm encloses grannies, an onter layer free from grannies can 
be detected, which is frequently very thin; this is called the eelo- 
platnt, the inner grannlar portion being known aa the endoplasm. 
Frequently a part of the water which saturates it collects to form 
vacuoles; when these coalesce and the cell-sap fills the greater part 
of the cavity of the cells (Fig. 22 s), the protoplasm forms merely 
a layer within the coil-wall, which Las been termed the primordial 
Utriele. Living protoplasm will neither absorb colouring matter 
dissolved in water, nor allow its pass^e, but dead protoplasm has 
no power to hinder its diffusion, and even takes it up in considerable 
qnantity. 

The nveleiu, on account of its constitution and position, is essen- 
tially a part of the protoplasm ; it is apparently wanting in certain 
groups of lower plants (in some Fungi and Algoe). It contains one 
or more much smaller bodies called nucleoli (Fig. 22 A k k). 

The movements of the protoplasm are among the moat remarkable 
of phenomena, In many cells currents may be perceived which 
flow from the nucleus oatwards, towards the peripheral protoplasmic 
layer {OireulaUon') ; or the whole peripheral layer of protoplasm ia 
in rapid movement along the walls of the cell (Solatioii). Naked 
primordial cells, as for instance, STvarm-spores and anthcrozoids, 
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swim about in the water in which they live, rotating at the iame 
time on their own tties. The so-called plaamodia of Mysoiaycetes 
exhibit an amcoboid movement ; that is, the naked mass of proto- 
plafim coDtinually changes its ontline, new protruaiona are thrown 
oat from the central mass, whilst others are withdrawn, and it thna 
moves slowly from place to place ; at the some time a rapid motion 
of the granules within the mass ie going on. 

§ 14. Crystalloids. Sometimes a part of the protoplasmic 
substance assumes a crystalline form ; bodies are formed wliich are 
bounded by pUao suriaceB aad which have an angular outline. 
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bearing a very close resemblaace to certain crystok, for the moet 
part cobical, octahedral, tetrahcdral, or rhomboidal (Fig. 28); but 
they are essentially diCcreut from true cryBtids, inasmuch as they 
are capable of swelliag-up, that is to saj, of increasing considerably 
in volume when treated with various reagents. Such crystalloids 
occnr, for instAQco, in the tuber of the Potato, in the ulcarono- 
grains of oily s^dfi, in r&l marine Algie, etc. 

§ 15. Aleiirone-grains. In oily seeds more especially, the 
protoplasm is aggregated into spherical granulos of various sizes, 
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which lie in a matrix of albaminons and fattj matter. These are 
the Proteid- or Aleorone-grains. These granules consist of albn- 
minans eDbstoQces, and almost always enclose other bodies (Fig. 
28 0) ; these are the above- mentioned ciystalloids, and peculiar 
small roimd bodies, the globoids, which consist of double phosphate 
of lime and mt^nesia. These bodies may occur separately or together 
ID the alonrone-grains, according to the kind of plant. In seeds 
which are rich in starch, tho spaces between the large starch-grains 
are filled with similar bnt much smaller grannies (Fig. 29). 

§ 16. Chlorophyll-corpuscles. The green colour of most 
parta of plants is pro- ^ 

dnced by the presence of 
green granules, called 
Chlorophyll-corpuscles, in 
certam cells (Pig. 30). 
These are composed of a, 
colourless gronnd-sub- 
stance, throughout which 
a small quantity of a 
green colouring- matter 
called Chlorophyll is dis- 
tributed. If this colonr- 
ing- matter be extracted 
hy A solvent, such as al- 
cohol, the colourless coi 
puficle remains unaltere 
in Biio and form. The 
corpuscles are always im- 
bedded in protoplasm, and 
their groand-substance is ^ 
only a specialised portion < 
of the protoplasm. The ' 
corpuscles do not always occur in the form of granules ; in some of 
the lower Algse the whole of tho protoplasm, with tho exception of the 
ectoplasm, is coloured green; in others, the coloured part of the proto- 
plasm assumes a stellate form (Fig. 76 -d), or it exists in plates (Fig. 
76 B 0) or spiral bands (Fig. 40 cl). These green-coloured portions 
of the protoplasm are all included under the general term, chlorophy 11- 
corpnscles. Under the influence of snnlight stareb-grains are formed 
in the interior of these chlorophyll-corpuscles, which often grow so 
large that the substance of the chlorophyll-corpuscle is only discern- 
ible ae an extremely delicate layer covering the contents (Fig. 31). 
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The nltimate fate of the chlorophyll-corpnsclea is to be absorbed, 
ae happens, for inataiice, in the cells of leaves before thej- tail, nad 
nothing then remairiB bnt small yellow grannies. 

The green colonrinj- matter, the chlorophyll, ia mixed, in many 
families of AlgK, with other colooring-matters, and the colonred 
pi'otoplaam appears blnish-green, olive-green, dnll yellow, or red. 
Occasionally the chlorophyll itself nndergoea modification and be- 
oomes red or yellow, and the form of the corpnscle changes at the 
same time, as in the ripening of many frnits, which are at first 
ajfi green and then become yellow or 
J W red; e.g., the Tomato (Lj/copersittiin 

esculeiitiim). 

Closely related to the chloro- 
phyll-corpuscles are those proto- 
jilasmic bodies which are tinged 
vith a yellow colouring- matter, 
ind canae the yellow colour of 
many fiowers; e.g., the Dandelion 
(Taraxacum offictnalis). 

In many cases the green colour 
' of different parts of plants is dis- 
guised by the presence of other 
i colouring-matters which are in soln- 
' tion in the cell-sap, as in the leaves 
, of Amaranthus and of the Virginian 
Creeper at the end of the summer. 
§ 17. Starch-grains ore small hard granules, usually roond, 
oval, or lenticular, consisting of starch, water, and a small propor- 
tion of incombustible ash, which occur in certain cells of almost all 
plants. The tubers of the Potato, the seeds of cereal and of legn- 
minoDS plants are especially rich in them. They can be extracted 
by maceration from the organs in which they occur, and then ap- 
pear to the naked eye as a white powder, which is known as Slarck. , 
Starch belongs, like Cellnlose, to the carbo-hydrates. It may be 
easily shown that each grain consiste of two substances, of which 
the one, (TranuZon;, can be extracted bysalivaorby dilute acidit, while 
the otbtT, Slareh.cctluloie, remains as the skeleton of the grain. 
The former tnms blue with iodine alone, the latter only after treats 
mcnt with strong snlphnric acid. When boiled with water or when 
treated with potash, the grains swell enormoa.sly and form a jiaste. 
The anbstuncu of the Etarch-grains is always disposed in layers ronnd 
ft centre, the hUum, and this disposition in layers, as in the case of 
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§ 1".] CHiPTKB 1. — THB CELL. 

cell-walls, ifl.tho result of the regular alternation of dense layers 
witt more watery layers. The hilam is the most watery portion of 
the whole grain. From their first appearance the starch-grains are 
firm, solid bodies. So long as they continue to grow, they are al- 
ways connected with the protoplasm of the cell ; it is ouly at a later 
stage that they lie free in 
the cavity of the cell. Their 
growth docs not proceed by 
the deposition of new layers 
upon the eitci-ior, but by the 
intercalation of new particles 
of solid matter between those 
which already esiat. Besides 
the simple grains (Pig. 32 A), 
compound grains occur, which 
are formed by tho develop- 
ment of new hila in an or- 
dinary grain, each with its 
own system of layers (Fig. 
32 D). If, in such a cafie, tho 
external layers which enclose 
the whole mass &re of con- 
siderable thickness, the grain 
is said to be semi -compound 
(Fig. 32 B). By pressure 
the compound grains may be 

.piit „p into ihBir co»[K„,»t ,- T.»rr" -.';".■;.;;■.;:.■;', ■; : 

grannies. The so-called SpU- putUU}' compoOBd grain; CD pateellj com- 

rionsly-compouad grains are P™^ s™"": » " """ ^^ '^' '*"™ "' 

very similar to Uiese ; taej older rtud, c a Uill oldor grain vUh diridad 

consist of several grains which ■"''™' (Copiea from aacbs.) 
have become adherent in consequence of mutual pressure ; they 
occur frequently in chlorophyll-corpusclea (Fig. 31). Stareh- , 
grains are formed in plants to be subsequently consumed in the 
processes of growth and of nutrition. ; they are frequently stored for 
a long time in cei-tain organis, as in seeds, roots, and tubers, and 
when they are required for consumption on germination or on a 
renewal of the growth of the plant, they are absorbed. The 
forms of tho starch-grains are characteristic in different kinds of 
plants ; thus those of the Potato (Fig. 32) are eccentrically oval, 
those of leguminous plants (Fig. 29) concentrically oval, those of 
Bye, Wheat, and Barley lontionlar. 




I 18. Crystals (see also p. 31) are freqaently faund in the cells 
of plants: they sometimes consist of calcium carboDEtte; foreiample, 
the crystals in the protoplasm of Myxomjcetes and the ciystaiiine 
deposit in the cell-walla of certain UrticesB. In those plants there ifi 
generally a pecnlior club-shaped ingrowth of the cell- wall of certain 
cells which projects into the interior of the cell, in which the cal- 
cinm carbonate is deposited: these are called OygtoUths. All the 
other cryatals hitherto recogTiised consist of calcioni oxalate, which 
crystallises in two Byatema according to the piDportion of water 
which it contains; to the one systeni, the quadratic, belong the 
octahedra (Fig. 33 k), to the other, the clinorhombic, belong the 
acicnlar ciystals, whioh are called Baphidet, and which occnr, united 




into large btmdleit, particnlarly in Monocotyledons. Besides well- * 
formed solitary crystals, aggregations of them also frequently occar. 
These crystals are formed in the protopliwm, from which they anb- 
eeqnontly find their way into the ccll-sa]) (Fig. 33), as well as tn the 
oell-wall, particnlarly in the wood of Conifers (Fig. 34) ; and also 
in Lichens, on the free outer surface of the cell- wall. 

§ 19. The cetl-sap saturato» the cell-wall, the protoplasm, and 
the whole organic structnre of the cell ; it usually also colleetfi in 
the intenor of the protoplasm so as to form vacuoles or a single 
UtTgo sap-cavity. It is a watery solution of various substances: 
salts are never aluent from it ; in certain colls of many plants (as 
the Sngar-cane, the Maple, and the Beet-root) it contains large 
quntitieB of oane-sngar, which can be extracted from it by a re- 
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fining process ; in the oeUs of many kinds of fmits, a.s the grape ajid 
others, it contains grape-sngar. Besides these anbatancea, tannin 
and innlin occnr, as well as acids, snch as malic acid in the apple 
and other fruits, citric acid in lemons, etc. It also contains the 
colonring- matters of most red and bine flowers (Eiythrophyll and 
Anthocyanin), and of many fruits, as the cherry and elder beny, 
with many other substances. 

§ 20. The Development of 
Cells always takes place in such 
wise that the whole or part oE the 
protoplasm of a cell already existing, 
the mother-cell, undergoes re-arrange- 
ment. The following are the prin- 
cipal modes of cell -formation : 

I. Cdl-divUion. The protoplasm 
of the mother-cell separates into two 
or more parts, each of which conati- 
tutea a new cell. The division of 
the protoplasm is usually preceded 
by that of the nucleus. 

Cases in which the protoplasm haa been 
obBarved to diride he/ore tha nuclena occur 
in tha development of the sporeB ot Aa- 
tboceios iLud of the macroaporcs of leoetes. 

In the simplest ca^e of cell-diyision i'''a'i^"'XtZ"iL^t^^tm"p^; 

the nucleus divides into two, the tlie Duclenst aiill odbern to Uie noir 

protopla.sra does the same, and a «^ji •' t tt ha. ret™i«i wiha older 
cell-wall is formed in the plane of 

diviaion. In other cases the secondary nuclei and their investing 
protoplasm may again divide before any cell-wall is formed. 
Finally, the formation of a cell-wall may be postponed until the 
division of the nuclei and of the protoplasm has been repeated an 
indefinil« number of times. The varieties of cell-division which 
thus arise may be arranged as follows ; 

I. In growing yegetative organs, a division of the cell takes 
place, such that the whole of its protoplasm, without any rounding- 
off or contraction, is divided into two parts: the now wall is formed 
between the two masses of protoplasm only alonj^ the plane of divi- 
sion (Fig. 3.5). The wall is sometimes formed aimnltaneously at all 
points of the plane of division, as in the development of stomata, 
and sometimes, as in certain Algee, e.g., Spirogyra, it grows aa a 
ring from without inwards. 
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2. The formation of the cbIIb -which subaerve reproduction (see 
§ 55) is ftlwptys accompanied by a. ronnding-ofE of the proloplasni, 
which takes place either before or during the formation of the 
wall. In this cnso the wall is always formed over the whole surface 
of the yoanf^ cells, though this often occurs somewhat iate. 

a. The whole protoplasmic contents ot the mother-cell may 
come aggregated around four newly-formed nncloi ; this 
occurs principally in the formation of the pollen of phanorogaraoufl 
plants (Fig. 36), and in the formation of the spores of Mosses 
Vascular Cryptogams. The deta.ils of this process are not the same 
In some (development of the pollen-grains of Mono- 
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cotyledons and of the microspores of Ifoetes) the nucleas of the 
mother-cell divides into two, and this is followed by a corrowponding 
division of the protoplasm, a cellulose wall beinp formed between 
tlio two cells. Each of those now divides in the stimo manner, in a 
piano at right angles to that of the first division, and thus the four 
special mother-cells are produced lying in one plane. In other 
cases (development of the poUon-graiiM of Dicotyledons, of the spores 
of Mosse.^, Ferns, and Equisetams) the nucleus of the mother-cell 
divides into two, and each of these secondary nuclei divides agmn 
into two, the divinions taking place in planes at right angli 
other and to that of the first dirision; as a consequence^ the four. 
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cnclei do not lie in one plane, hnt are arranged tetrahedrally, CbII- 
walls are now formed, so that (our special mother-cells are produced. 
In the case of the pollen-grains of Dicotj-letbnB, the wall of the 
primary mother-cell thickens and grows inwards at certnin points 
(Fig. 36 D) so B8 to constrict the protoplasm somewhat, and the 
newlj-.formeJ walls become attached to these projections. In all 
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caaes each of the four special mother-cells Borronnds itself with a 
proper wall which becomes the coat of the pollen-grain or of the spore. 
6. The nnmberof the nuclei derived by repeated division from the 
nucleus of the mother-cell before any cell-wall is formed b indetinito. 
Each of them becomes sorrotinded by a portion of the protoplasm. 
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It is in this way that the zoospores of many Alg;^ and Fangi are 
formed (Fig. 38), and it ia nanally not nntil some time aft«r their 
escape from the motber-coll that they become clothed with a cell- 
wall. The spores formed in the aeci and sporangia of Fnngi (Fig, 
39 (are also developed in this way, but in this ease the cells are always 
inrested by a cell-wall before they are set free from the mother-cell. 
A further example of this is to be found in tlie development of the 
endosperm-cells in the embryo-sacs of phanerogamous plants. 

This mode of oell-formtttion is known as free ciU- formation, but the si'iiBO in 

r which this eipreaaion is now used is -verj ditferent from that in wliich it whb 

originally employed. Il wua supposed that, in these oases, the acconilary nuclei 

were formed it nova, but recent reaeBrohea have shomi that they u« developed 

in the manner described above. 

II. Rejtweneieciiee. The whole protoplasm of the mother-cell may 
undergo rejuvenescence, when it contracts and reconstitutes itst'lf oa 
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the new protoplasmic body of a danghter-cell, which snbseqnently 
Burrounds itself with a new membrane. It is in this manner that 
the single HWarm-sporos of many Algee arc formed, as in Vancherio, 
Stigeocloninm, (Bdogoniom (Fig. 37), as well as the oosphcres of 
Cryptogams. 

III. Conjugation. In conjugation the protopln^mic contents of 
two or more cells coalesce to form a new cell, which acquires a 
membrane. This process occurs in a typical maimer in various 
groDpB of Algm, e.g., Spirogyra (Fig. 40), and of Fungi. 

The fommtjon of new cells does not therefore necessarily imply 
ma inorease in number; this is the caso only when division into two, 
four or many cells occnre; ia the process of rejuvenesconco the 
nnmber is unaltered, and in conjugation it is actually diminished. 



CHAPTER II. 
THE TISSUES. 

§ 21. Those combinations of cellH are designated Tissues which 
are governed by a common law of growth. According to their 
arrangement in space, tho following combinations of cells may be ' 
distin^iahed : 

A. Filamenls, where the cella are connected only by their con- 
tigQOns ends, and so form a filamont, e.a., many Algs, as Spirogyrft , 
(Fig. 40). CEdogonium (Fig. 37), and many hairs (Fig. 62 a d). 

B. Surfaces, when the cells form a single layer and are in contact 
in two directions of space (length and breadth), e.g., many Algm 
and the leaves of many Mosses. 

C. Masses, when the cells are in contact on all sideB. 

The tissnea commonly consist of cells which have originated from 
common mother-cella by their repeated division into two, and which 
have been connected from the first in consequence of the mode of 
formation of the septa (Fig. 35). In a few special cases tissues 
are formed otherwise {sptiriout lUsuet) ; either ceile which have 
been hitherto isolated become adherent and then continue their 
growth in common, or filaments consisting of rows of cells become 
interwoven and exhibit a common 
growth, without however having' 
become adherent ia every case I 
(Fig. 39 >h). 

§ 22. The Common Wall of 
cells combined into a tissue is, in I 
first instance, nsually extremely thin " 
and delicate, and appears under the 
strongest mognifying power as a 
simple plate (Fig. 35). As it in- 
creases in thickness a middle lamella 
usnally becomes visible (Fig. 41), „rtLoiii mii. or Tric(aMa«. ^^i^^m 
which divides the wall into two (» *oo). Middis IudsIIb (m): i<the 
p^,onB of whi.h .pp.tB„tl,be. SjT.StXSS"™": 
longs to each of the contignotis cella. majoiniugMiiii cfaBpiuoneubiideare 
This middle lamella is nothing more m-idrfbytb.middu,iBmdia. 
than a specially differentiated part of the wall which belongs to 
both ol the cells in common. Its chemical composition, which is 
different to that of the remainder of the wall, permits of its 
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Bolution (in nitric acid and chlorate of potaah), so that tlie in- 
dividaal cells may bo separated. When the common wall of similar 
cells is pitted, the pits oa each side accnrately meet (Fig. 41 ; if, 
however, certain cells of a, tissne nndergo a epecial modification, 
fts in the vessela, the nneqnal thickeninf; of the membrane is 
confined to one side only of the common wall ; in the case o( spiral 
thickening of the cell-wall this is self-evident. 

The bordered- pits, which arc cIiafacteriBtic of the wood-cells of 
Conifers, demand special description. The membrane which 
Bepftnites the cavities of the pits does not lie in the centre as a 
continoation of the cell-wall, but inclines lo one side or the other, 
and lies over one of the canals (Fig. 42 1!»): there is thns a 
lenticular cavity in the wall which opens freely into one of the 
two col la, bat is shnt off from the other: 
the membrane is so delicate that its 
presence may easily be overlooked. The 
formation of a bordored-pit is effected by 
the thickening of the cell-wall round a 
smuU area which remains thin (the per- 
sistent membrane), the middle lamella 
being prolonged so as to surround the 
cavity of the pit (Fig. 42 B m). 

In certain cases the septa between the 
cavities of adjacent cells become wholly 
or partly absorbed, as, for instance, oc- 
I casionally the thin partition between 
»ooil;'BbrMorUnHDB: Avku bordered- pits ; the transverse walls of 
' such cells as combine to form the vessels 
r are wholly absorbed, it they lie at a rij-ht 
' angle to the long axis of the vessel (Fig. 
a 6) i if they lie obliquely, they are 
broken through in various ways. In a similar manner the trans- 
verse septa (and more rarely isolated areas on tho longitudinal wall 
also) of the sieve-tabes (§ 25, Fig. 47 B) are perforated by closely- 
set and very tine open pita, and are then known ns sieve-platet. 

The thin part of the wall which separates the pit of a vessel 
from a contiguous living coll may frequently recommence its 
growth, and protrude into tho cavity of the vessel. Cells which 
thns grow into neighbonring vessels are termed liillen .■ they may 
■nbseqncntly undergo division so as to fill up the whole vessel. 
They occur commonly in wood. 
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Snch cavities as have thus originated by the (ibsorption o( cell- 
walU and the consequent coalescence of two cells, and -which con- 
tinue to bo BtuTonnded by the walls of the original cells, are com- 
monly called cell-futions. They are nsually tabular, and are formed 
by the absorption of the trausverse aepta thronghoiit whole rows of 
cells. They are not nnfreqnently branched, and they may anas- 
tomose. The true vessels of plants, as well as the lattciferous 
vessela, are examples of cell-fnsions. 

§ 23. Intercellular Spaces are Incnnce between the cells of a 
tissue. Tbey may be formed in two ways, either by a splitting of 
the common wall of adjacent cells, or by the disorganization of 
certain cells. They 
contain either air or 
certain peculiar sub- 
stances. 

The intercellular 
spaces which contain 
air are usually formed 
in consequence of the 
splitting of the com- 
mon wall of adjacent 
cells (Fig. 43 a).' They 
occur almost exclu- 
sively between the b 
thin- walled ceils 
snccnlent parenchyma, and usually at the angles of Junction of a 
number of cells. Sometimes these spaces — then called air-ehamben 
— attain a considerable size, so th&t whole masses of tissue are 
separatetl from each other, as in the petioles of the Water Lily 
find of other aquatic ])Iants. Tbe cells which border upon these 
cavities often throw ont protuberances into them (also in Aspidium) 
which are known as " internal hairs," 

The large cavities in the stems and leaves of Jnnens and of other 
allied plants, are produced by the disorganization (i.e., the drying- 
np and ntptnre) of considerable masses of cells : this is true also 
with reference to the cavities extending throngh whole intemoJea 
of many herbaceous stems (Gmaaes, Umbelliferte, Equisetacete), 
and those occurring in leaves (Leek). 

The intercellular space* which contain certain peculiar substances 
will be treated of in § 28. 

§ 24. Forms and Systems of Tissue. There are usually 
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in pIaDt§ nnmeroOB Bimilar cells 'whicli differ from those that 
STUTOiuid them, and which are combined so as to conBtitDt-e a 
difltitict/oiTTK)/ /wBue, characterized by those properties which the 
cellB possess in common. According to 
the form and relatire position of the cells, 
two forms of tissne may be diatingnished : 
pareirektfma (Figs. 22, 29, 33, 43), in 
which the cells are not much longer than 
they are broad, the surfaces along which 
they are in contact being relatively broad ; 
proienchyma (Fig. 44 and section Fig. 41), 
in which tlie cells arc mcch longer than 
they are wide, and their ends overlap. 
M— FToasnebrniitoai When the walls of the cells are much 
longiwdinai loouoii (dU- thickened, the tissue is called sckren- 
cliyma (see p. 58) ; this may be either 
parenchymatona or prosenchymatous, ac- 
cording to the form of the cells. "When all the cells of a tissue have 
ceajted to divide and have asstuned their definite form, it is called 
permanent tissue. A tissue in which, on the contrary, the cells are 
^ still dividing, that is, that cer- 

tam daughter-cells continue to 
divide and subdivide whilst the 
others are being converted into 
permanent tissue, is called & 
generatmg tissue or vierielem. 
The enumeration here given 
only mcludes the most imports 
ant forms of tissue; many other 
!Li.hni(.al terms will be made 
I (. of m describing the tissues, 
L ciri-nmstancea may require, 
\\ hen several different tisanes 

plants m general, they we ar- 
I (□ • ranged into K'jeltms of lisiuet 
which then compose the whole 
•ofi-but, plant; their arrangement bears 
a defiuite relation to the member 
of the plant in which they ocenr. Three such systems of tissnes 
kni usually met with : (1) the f^iderrtu^ which covers the exterior 
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of the plant, and nsnally conaiste of a single layer of cells (Fig. 
■45 e); (2) the ,^ro-iriMCMio7- (Fig. 45/), which traverses the body 
of the plant in tbe form of bundles, and is characteri/ed by the 
presence of sievc-tnheB, Tessela and of fibrous proBenchymatoos 
ceHs ; and (3) the fundamental tiisiie, which fills np the rest of tlie 
space (Fig, 45 g), and consists principally of parenchyma. 

The same form ol tissne may occnr in varions tissne-systems: 
thus both parenchyma and proaenchyma occnr in all three tiaane- 
Bystems, and there is no difGculty in recognising to which one 
they belong in each case. Certain tissues and peculiar cells — 
for instance, anch as serve as receptacles for varions snbstances, 
secretions, etc. — when they occur in the two internal tissue- systems, 
have BO mnch in common that it may be expedient to consider them 
by themselves. 

§ 25. The Fibro-vascular System extends thronghont the 
body of the higher plants in the form of strands or bands of tissue 
which are called Jihro-vaaciilar luiidlea. When the cells which com- 
pose them are lignified, and are harder than those of the funda- 
mental tissue, as is uBaally the case, they may be easily separated 
from it ; for instance, if the leaf-stalk of the Plantain (Plantago 
major) be broken across, the bnniiles project as tolei-ably tliick 
threads fi'om the fnndamental tissue, and by the decay of this 
tissue they may be wholly freed fi-om it. They form the venation 
of leaves, and when the leaves decay they persist as a skeleton. 
In many water-plants, however, the tissue of the fibro-vascular 
bundles is softer than the aurrounding tissues. In many cases the 
fibro-vascular bundles are bo closely packed, and they become so 
strongly developed in consequence of the continned increase of their 
tissue, that very little of the fundamental tissue remains in the 
compact mass which they form. The wood of trees, including the 
bast, is an instance of such a fibro-vascular mass. 

The arrangement and the course of the fibro-vasonlar bundles 
are intimately connected with the morphology of the plant, and 
with the differentiation of its members. In most leaves the fibro- 
Tascular bundles lie in those projections of tissue which are known ] 
as veins. In the petiole and stem, and generally in all organs 
which grow especially in length, tlie fibro-vascular bandies ran. 
longitudinally ; thus a transverse section of a stem or petiole (Fig. 
45) exhibits transverse sections also of its fibro-vascular bundles. 
The bundles of the leaf and stem are so closely connected that even 
at the first development of the leaf at the apex of the stem, the upper 
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leaf, while the lower portion 
is continued downwards 
into the stem and 
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coidesces with older 

bundles. Thus tiia 

fibro- vascular bundles 

traversing the stem 

may be regarded aa 

being merely the lower 

portions of those which 

come from the leaves — 

as leaf -traces, and the 

wliole bundle ia said to 

be common {i.e., to both 

leaf and stem). The 

conrse of these bundles 

in the stem ia very 

1 various ; it may in 

/'\ general be referred to 

"^" one of three types, 

which are, however, 

connected by interme- 

iJ diatc forma : 

Kouon ihraogb th. (!■) The bundles 

•onaoecUaa ol halt coming from the leaves 

"m^t^no^TrM °^*^ """^ ^°^"^ "^ ^"'K'^ 

ml ns Bi3 btioB ibe axial bundle, which 

nd tnuuvorw j^^g ^^ivn into the 
■(•areflBtolT. stem (this tj-pe occnrs 
TldM into two Ijqj rarely, in certain 

IcbMOt , , . 



DnhBfootihin bundle, wbiab water-planl« and a few 

Aluraue in the Hction wicb tba Iblokar oaat. In tha Fems) • 

Tha ^100, m tb, !!&«,.».««!« baadlui 1. lD<ll»t.„l bj f^.) The bundles 

abidiss, coming from each leaf 

are numerous : on entering the stem eide hy side, they tend towards 
the middle of the stem ; then they bend outwards and thin out 
' gradnally as they descend, eoalescing at a point much lower down 
(Fig. 46 A). In the transverse section of snch a stem, the fibro- 
TBiwultu' bundles appear irregularly arranged ; those nearest the 
centre are the thiolceet. This arrangement prevails among the 
Uonocotyledons, particularly the Palms. 



(3.) The bundles of each leaf, which are less nnineroas than in 
the foregoing type, bend downwards soon after they have entered 
ih.B Bt«m, and rnn down the et«ni parallel to each other at about on 
eqnal distance from the axis, brancliing and anaetomosing por- 
tioalarly at the nodes {Fig, 46 B), The transverse section of 
anch a stem exhibits the bandies arranged in a circle more or 
less nearly concentric with the circ"uniference, and dividing the 
fnndamental tissne into two portions : the inner, included within 
tie circle of fibro-vascnlar bnndleB, ia the pith or medulla (Fig. 
46 B m) ; and the outer, lying between thia circle and the epidermis, 
the cortex (Fig. 46 B r). Those portions of the fnndamental tiasne 
which lie between the fibro-vascnlar bundles in the circle, and 
which therefore connect the pith and the cortes, are called the 
medullari/ raye. This arrangement occora principally in Dicoty- 
ledons and Gymnosperms. 

Bandies which belong ezcloBively to the stem are termed cauline 
hundlei ; they are sach bandies as cannot bo regarded as direct 
prolongations of those of the leaves. They are present in the 
Fems and the Rhizocorps, in the Lycopodieie, and in Selaginella; 
bnt they occur only rarely in Phanerogams, and then in aquatic 
plants, such as Hipporis, Callitriche, Myriophyllum, Elodea, 
Naias. 

Boots differ so widely from stems and leaves in the strnctore 
and arrangement of their fibro-vascular bundles, that the con- 
sideration of them mast be postponed for the present. 

A well-developed fibro-vascnlar handle consJHts of two kinds of 
permanent tissue : the Sijlem or Wood and the PhloHm or Bail. 
Excepting when special ciroomstancea give rise to other conditions, 
the walls of the wood-cells tend to become lignified and their 
cavities to be filled with air : the^e 'Cells constitute the firm bat 
brittle portion of the bundle. In the phloem there is a tendency 
to the formation of softer and more flexible coll- walls, which are 
bnt slightly lignified, and the cells retain their sap. Those fibro- 
vascnlar bundles which consLHt only of these two forma of tissue 
are incapable of any further growth, and are said to be closed ; 
whereas those which possess in addition a layer of generating- tissue 
(meristcm), the Oambium, throughout their whole length, which, 
hy the active growth and division of its cells, increases the bnlk 
of the xylem and of the phloem between which it Ues, ore said 
to be open. 

The xylem (wood) of a fibro-vascnlar bundle (so long as it 
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has not been added to by t!ie activity of the c&mbiimi) consists of 
the throe following elementB ; 

(1.) Tme vetsela (Inichete, duets) : they are formed from rows of 
superimposed cells, the transverse walla of which have been more 
or less absorbed. According to the mode in which their longi- 
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todinal wallfl have been thickened, they are distingniBhed as Rpiral, 
reticulate, annular, scalariform, or pitted vcbsoIs (Fig. 4i7 B > t' luid 
Fig. 25 «) (Fig. 47 .£ < r" and Fig. 23 C) : their contents are aii- or 
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(2.) Mnch lengthened, narrow, prosenchymatoua cells ; tlio i 
cells or fibres (Fig. 47 iJ A and Fig, 23 B). 

(3.) ParenchyJUfttouB colla, forming tho wood'}>ari»ichyma, 
still containing protoplasm ; frequently they are wanting. 

The bast in : " 




flOTnpoiod of (ofe but, V. Tha whole bundle U nr- 
1. tignillHl, prounchjinsuiiu CBlli belDsging la ths 
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gmnnil.tiMiie ; (iiitwo lafge 
I airspace ronnod by rupture, ai 
TWflli ? 9 Lie unallflr retLcolsteil 
conilluite the ijlcm; the ptaloim 

BroDBd-liuns. (Ailar Sactu.l 

(1.) Vaacnlar elements, the sleve-tuhes, which have thin side- 
walls, but thick transverse septa, perforated by closely-sel, open 
canals ; they are filled with albnminona substances (Fig. 4.7 B ah). 
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(2.) Prosenchymatoue elemenfcH, the baet-jlhref, whicli are often 
long iLud much thickened, bnt flosible. 

(3.) Elongated, prismatic, thin- walled cells (Phloem parenehyma)^ 
theee cells remain in the primitivo condition in which all the 
cells of the phloem originally w«re: they are also tenned cambi- 
/orm, and, tc^ethor with the Biere-tnbes, are known as eofl bast, in 
contradistinction to the tliick-walled bast-fibres, the hard bast. 

These different kinds of ceUa are more or loss fnlly represented 
in a section of a fib ro- vascular bundle, their proportional number 
varying with the part from which the section is taken, and with the 
nature of the plant. 

By far the most freqnent arrangement is, that the zylem and the 
phloem in each bundle lie one behind the other on same radius, the 
xylem being nearer to the centre of tbe stem, while the phloem lies 
towards the pei-iphory (Figs. 45, 4?, 48, 60). This is the case 
both when the bundles form a circle and when they are scattered, 
when they are open and when they are closed. As the bundles 
bend ontwards into tho loaves without any twisting, and are distri- 
buted in one plane, the phloem of the bundles Kes towards the 
under surface of the leaf and the lylem towards the upper surface. 
Exceptions to tliese relations are found in cylindrical leaves and in 
many petioles, in which the twisting of some of the bundles gives 
rise to an arrangement similar to, but sometimes more comphcated 
than, that of the stem. In open bundles the cambiam lies between 
the xylem and the phloem. The annular and spiral vessels always 
form the innermost portion of tho xylem towards the centre of 
the stem ; and tho outer portion, towards the phloiSm, conaiata of 
reticnlated and pitt«d vessels, which are the largest of all the 
elements of the xylem. The grouping of these vessels as regards 
each other, the woody fibres, and tho parenchyma cells, is ex- 
tremely various ; those shown in Figs. 47 and 48 are only some 
examples. The innermost annular and spiral vessels are the first 
formed in each fibro-vascniar handle, and already exist before the 
oontignons portion of the stem has attained its deiinitive length ; 
they grow with its growth, and, flince they cannot undergo any 
further transverse division like the other elements of the bundle 
which are as yet undifferentiated, they eonsiat of tlio longest cells. 
In the phloem tbe bast-fibres asually lie nearest to the periphery. 
and the sieve-tubes, which are generally oonspionona by their larger 
apertures (in transverae sectioa), ore scattered in the soft bust 
(Figs. 47 and 48). 
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The following deviations from this, which is the commonest ar- 
rangement ({he collateral) of the phloiim and xylem, as well as of 
their constituents, may be mentioned : 

In many plants, e.g., Gourds and Lycinm, a second layer of 
phloem ia fonnd within the xylem : in most Ferns the phloem com- 
pletely encloses the iylem, forming' a ring' (cncent/t'c arrangement), 
and BCTcral groups of spiral vessels lie within the xylem, from 
which the development of the xylem 
proceeds. 

The fibro-vascnlar bundles of the 
root differ most widely from the 
atmcture above described. It ia, in 
fact, impossible to speak of separate 
bundles in the root ; a cylindrical mass 
of fibro-vascular bundles, sometirues | 
hollow and containing a pith, occupies 
the axis of the root (Fig. 20). In 
this, several xylem bandies arc regu- 
larly distributed (Fig. 49 A g), and 
alternating radially with them tie an 
equal number of phloem bundles (Fig. 
49 A b). In Dicotyledons the number 
of these bundles is small, usually 2, 3, 
or 4, rarely 5 to 8; in the Monocoty- 
ledons it is usually larger. In each 
xylem bundle the spiriil vessels, which 
are here the oldest constituents, lie 
nearest to the periphery. The ex- j 
temal layer of the fibro-vascular p'cora™]n.nrt»meBuiiii«u«impitt,i 
cylmdcr la knavin as the pencaniOium, ^i^n, bnoniesi b primm-y piiio«m 
and remains for a long period capable bandlo*. BTranivBrsaieciionof an 
of development and growth. The j, ,„,„.,^^i„ u,i^^, f .^i^j. 
rudiments of the lateral roots are orjhiiati * oork-«iigiiiir magnifled. 
usually formed from this pericam- 

bium in Phanerogams, exactly opposite to the »ylem bundles 
(except ia Grasses and Umbellifers), but in Cryptogams (except 
Eqnisetum) from cells of the endodermia ; thus, irrespectively ot 
the adventitious roots which are formed later, there are as many 
rows of lateral roots on a main root as there are zylcm. bundles 
in the fibro-vaecniar mass. The lateral roots, In the course of 
their development, have to penetrate the cortex of the mother-root 
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ace p. 23, Fig. 20) : their fibro-vascular bandies are in direct 
connection with those of tlie mother-root. 

§ 26. The Growth in Thickness of tlie stem and root* is 
effected in most GymnoBperms and Dicotyledons by the continnonB 
actiyity of the cambium of their open bundles. These are arranged 
in a circle in a transverse section of the stem (Fig. 50 A) : the com- 
mencement of growth in thickness is preceded by tangential divisions 
in the fundamental tissne (Fig. 47 A I'c) which lies between the 
bandies; this gives rise to cambium which becomes continnons 
with that of the tibro-vascnlar bundles. A closed hollow cylinder is 
thoB formed, wliich appeare, in a transverse section, as a ring, the 
eambinm-ritig (Fig. 50 B e) completely separating the pith from 
tho cortex; it consisU of two portions corresponding to its mode of 
origin; /ageiciilar cam- 
bium, i.e., the cambinm 
belonging to tho fibro- 
vascolar bandies, and 
the inter-faseiculaT cam- 
bium, i.e., that which is 
formed between the 
^ bandies in the primary 
i medallary rays. 
' A cambium -ring is 
MuliMcomiiiuicedi M KCDidBi7 woo<i|b>Boomlu; likewise formed in 
*""■ roots which increase in 

thickness ; the cells which lie between the individnal xylcm-buudles 
and intomal'y to each phloi-m-bnndle are transformed into cam- 
binm-cells by division, and the separate groups of these cells be- 
come connected eitemally to the sylem-bnndles. Thus a ring is 
formed which lies outside the primary xylem-bnndles and intide 
the primary phloem-handles (Fig. 49 0). 

The cells of tho cambium- ring, in the stem and root alike, con- 
stantly andergo both tangential and radial division, so that the 
number of the cells increases in the radial direction as well as iiv 
the circumferential t the growth of these cells produces an eiten- 
aion of the organ in both these directions. Of the cells thns 
formed, those lying on the inner side of the cambium are trans- 
lormod into the elements of the wood (Fig. 50 B k^), those on the 
onter side, into tlie elements of the bast, while the colls of the 
intermediate «one continae to be capable of dividing. The activity 
«f the cambium thns gives rieo to ttcondanj wood and teeoTuloTij 
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bast, as distingnislied from the primary coastituonta of the bundle, 
which existed previously to, aad independently of, the activity of 
the cambium. The primary wood of the bnndle is thus the inner- 
most part of it, and nsnally projects into the pith, particularly 
when the primary bundles lie rather far apart; it then consti- 
tutea what is termed the medullary ekealh 
(Fi(?. 50 B ;•> and 52 m «). 

The elements composing the secondary 
wood correspond in general with those of 
the primary xylem, bat they present certain i 
peculiarities. Firet of all it mny be ob- 
served that they are arranged in radial lines, 
at any rate in the first instance, because all 
the elements which have originated from a 
single cambinm-ceil lie on one radina. The 
cambinm-cells are of an elongated form, and 
are disposed somewhat prosenchymatoosly 
in anch a way that their oblique septa are 
distinctly visible only in a tangential section, 
that is, in profile (Fig. 51 A). It is by the 
transformation of their daughter- cells, which 
exactly resemble the cambinm-cells, that 
the different cells which compose the se- 
condary wood and bast are formed. The 
aecondary wood of trees consists of the fol- 
lowing elements : 

(1.) Of Vessels, yiiiich are nsnally provided 
with pita (frequently horde red-pits) on their 
longitudinal walla ; their diameter is greater 
than that of the other elements, their con- 
stituent cells are nsnally of the same length . ~f '^™''"™-"'* 
as the cambium- cells. The transverse walls b Tncbcide Hen trom oui- 
are either wholly absorbed, or only perfo- "''**■ cubntoi™ abra; and 

*^ .' r ^ ^ group of wtiB from Uio 

rated. In some wood, as that of the Lime, wooci.parBnciiyin«««nin.M- 
dellcate spiral tliickenings are foand in ad- ''""■ t™'" "™ '^^i "oi*"'' 
diiion to the pits on the longitudijial walla ; 

they can he distinguished from true spiral vessels by the delicacy 
of their structure and by the fact that injury does not cauae a 
separation of the spiral thickening from the wall, 

(2.) Of waod'fibrea which are much elongated, almost always 
longer than the cambium- cells, and their transverse septa are more 
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oblique : tbe pointed ends of the individual cells also grow in between 
each other. The walls of the woody fibres are fiometimes unpittcd 
or have smaU slit-like pits (Fig. 61 0), libriform. fibres ; sometimes 
they are pitted like the walls of the vessels (Fig. 51 fl), traclieidea; 
they are not perforated. 

(3.) Of Wood-pareitchgjna which is formed by the repealed trana- 
Terse division ol the cambioxn-collB ; the parenchyruatons cells 
prodnced from each cambium-cell form a group which is bonnded 
by the oblique walls of the caixibinui-ccll (Fig. 51 D). The walls 
of the wooii-parenchyma-cella are thin, and bear large simple 
pits. 

With reference to the very varied distribotion of these different 
elements of fibro-vascnlar hnndles, it may be particularly noted 
that in all Conifers true vessels and woody parenchyma (apart 
from the resin-ducts, § 28) are wanting: the medullary sheath, 
tbe primary xylcm, of coarse contains annular, spiral, and re- 
ticulated vessels, but the secondary wood of those trees consists 
solely of traeheides, the walls of which bear the peculiar bordered- 
pits described in § 22 (Fig. 42). 

In most trees and shrubs, and in the stems of the stronger her- 
baceous plants, the fibres generally form the greater part of the 
wood, and the vessels and woody parenchyma-cells are scattered 
among them. 

Sneonlent Btem-stmctnres which increase ia thickness. e.g., the 
tnbers of the Potato, contain in the wood formed fi'om the cambium 
nothing but tlun-walled, juicy, parenchymatous colls travei-sod by a 
few solitary vessels. 

A transverse section of the wood of onr timber-treos exhibits, 
even to the naked eye, a eeries of concentric layers known 
as the annual ringt. These layers result from tbe fact that 
the wood formed in the spring is ditl'ercntly constituted from 
that which is formed in the enmmer; since the external con- 
ditions on which this difference depends gra<lually change in the 
course of o year, and during the winter no wood is (omied, it is 
easy to imagine that in the ring of wood which represents one 
year's growth a gradual change uf stmeture should be perceptible 
from within ontwards, and tliat the limit between the ring of one 
year and tliat of another should bo sharply defined. The anuloni- 
ioal canse of the distinctness of the annual rings is the same in all 
wood, namely, that tiio last layers of the wood formed in a year are 
much compressed, and therefore ttave a very small radial dtii- 
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meter (Fig. 53 w). In Conifers these layers are further distinr 1 
guiahed by the fact that the spring-wood is formed o£ thin-J^ 
walled cells (Fig. 53/) and the antunm-wood of thick- wall edj 
cells (Fig. 53 h). In foliage- trees the umnber and size of thffll 
veasela diminishes in each annnnl ring from its inner to its outer 
limit. When thia taken place very gradually the eye cannot de- 
tect any conspicnons difference between the spring and autnmn- 
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wood (as in the wood of the Beech, Lime, Maple, and Walnut) ; 
but some kinds of wood show a ring of conspicnonsly large vessels 
in the spring-wood, while in the antamn-wood there are nnmerons 
mnch smaller vessela (as in the wood of the Oak, Elm, and 
Ash). 

Besridea the elements which have been already considered, the 
wood inclndea certain parenchyrantona cells which are elongated in 
a radial direction and are known as the tneduUar)/ rays. These 
appear in a transverse section as mdial stripes, in a radial section as 
radial bands of small height, and in a tangential section as elliptical 
groups of cells (Fig. 54), surrounded by the elongated elements of 
the wood; they consist of pareachjrmatons cells mnch elongated 
in the radial dii-ection (Fig. 53 in), but very small in the tangential 
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and vertical directions. These medullary rays, like the constitnonts 
of the wood, are developed from the camhioni both towards the 
centre and towards the circnmference, 
80 that each medullary ray runs from 
the wood through the cambinm into 
the bast, "Wlien once a group of cam- 
biom-cella has b^un to produce a me- 
dullaiy ray, it continneB to do so, and 
the greater the circnwiferonce attained 
auiisry by the wood, the greater is the nmnber 
mentcMoniofihewoDd: ^f ^^ points 8t which the formation of 
iBgeniui (cwmiLi) «iir, niedullaiy rays b^ras m the cambium. 
': ^0 ihKied por- and the greater the number of medullary 
s which penetrate the wood. Those 
mednllary rays which extend inwards to the pith and ontwarda to 
the primary cortex, those, namely, which existed at the beginning 
of the thickening of the stem, are termed j>rimary. These increase 
radially, in some plants by means of the whole of the inter-fas- 
cicular cambism, •.y., in the Clematis; in others, on the contrary, 
by means of isolated portions of the inter- fascicular cambiam, e.g., 
in the Hornbeam. Secondary medullary rays are sucb as are 
formed at a later stage, and do not therefore eitend to the pith, but 
end blindly in the wood. When the medullary rays, or at any rate 
Gome of them, are large, they are easily detected by the naked eye, 
as in the wood of the Beech and Oak. 

The wood of many large timber trees frequently eihibits a strik- 
ing difference between the older internal portion of the wood, the 
heart-wood (duramen), and the younger onter portion known as the 
sap-wood (albunatm). This arises from changes undergone in the 
course of years by the mature wood. The altered heart-wood 
always contains less water, has no starch in its pareachymatons 
cells, and ia often darker in colour, e.g., the Pine, Larch, and 
Oak. 

The secondary ba^ formed from the cambium never attains so 
considerable a sizo as the wood ; it consists of sieve-tubes, ba«t- 
• fibres, and parenchj-matous cells in varying order, very rarely 
showing any Molarity j sometimes the bast fibres are in layers, so 
that they can bo removed in large connected sheets, as in the Lime. 
The formation of annnal rings does not take place, Tlie mednllury 
tnys, as mentioned above, traverse the bast to an ext«iit eorro- 
sponding to their development in. the wood. In many troes the cells 
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of the mednllary raya, and other oella also, in the bast, becomo 
flclerenchymatons ; for instance, in the Beech, where they project 
from the surface of the dry cortex which is in contact with the 
cambium, in the form of sharp teeth. As the eambinm-ring is 
constantly increasing in circumference, the bast which euiTOnnda it 
necesaarily experiences considerable tension, particularly in the 
outer portion. This tension naturally affects chiefly the paren- 
chymatons elements which are still capable of growth while the 
bast-fibres are no longer capabtu of any modification ; hence the 
medullary raya are often aeon to be much expanded towards the 
circnmferencB (Fig. 52 pa). 

The tissues lying externally to the cambium are generally spoken 
of collectively as " cortex " ; it will be well, therefore, to designate 
the bast which has been formed by the cambium as secondary corlex^ 
in order to distinguish it from the primary cortex which lies exter- 
nally to it and belongs to the fundamental tissue. The cells of 
the cambium-ring are rich in protoplasm and tear very readily, 
especially when they are actively growing and dividing; conse- 
qnently the " cortex " can bo easily stripped from the wood. 

Many woody plants, of which, however, only a few are indi- 
genous to this part of the world, depart from the general type here 
described both in the origin and in the mode of growth of their 
cambinm-ring. The aborescent Liliaceie (Tncca and Dracasna) 
may be mentioned as being the only Monocotyledons of which the 
stems increase in thickness. As the fibro-vasculai- bundles ore all 
closed, there is no cambium, and the increase in circumference ia 
possible only by a new formation, in a zone of the fundamental 
tissue, both of isolated, closed, fibro-vascular bundles and of fresh 
fundamental tissue. 

§ 27. The term Fundamental Tissue (ground-tiasue) includes 
all the mass of tissue which does not form part of the fibro-vascular 
bundles or of the epidermis (Fig. 24 17). Various forms of cells 
and of tissuea occur in it, and those parts of it in particular which 
lie in immediate contact with other tissue-ay stems are frequently 
remarkable for peculiaritiea of strncture. 

Those apecially modified forms of fundamental tissue which occur 
in close connection with the epidermis are included under the fenn. 
Hypoderma. One form frequently occurs in the stems and leaf- 
stalks of dicotyledonous plants which is known as ColUnahyma 
(Fig. 55 cl), a tissue, the cells of which are narrow and elongated, 
with their walla thickened along the lines of contact, and capable of 
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8wellmg-np considerably. In other caaes the elements of the hypo- 
derma are fibroos and Bclercnchymatocis, as in the leaves of Conifers. 
Bundle - theath (Endodermis) . 



This Dame has been given to the 
siDglo layer of cells (belonging' to 
the fnndamontftl tissne) which 
forma ft common inveatment to 
the hbro-rascnlar bundles in the 
steniB of plants having an aiial 
fibro-vasenlar cylinder, anch as 
Hippuria and other aqnatic plants, 
as well as in those of many with 
a normal arrangement of the 
bundles, such as certain Primn- 
lacetB, ComposilEC, Cyperncea}, and 
some spocios ^f Eqnisetum. In 
the stems of most Ferns and some 
Equiaetnme, aa well as in the 
petioles and stems of aome few 
Phanerogams, each of the isolated 
fibro- vascnlar bandies is snr- 
roanded by a sheath (Pig. 47 e). 
It is invariably present in roots. 
The walla of these cells which are in contact are nsnally folded in 
ft peculiar maimer and are cnticnlariacd. 

External thfatli. This 
term is applied to sach 
cells of the fnndamcnlal 
tissue aa surround fibro- 
TBacuIftr bundles and 
have undergone special 
modification. Tho closed 
bundles of Grasses (Fig. 
48) aud of many Monoco- 
tyledons are Burronnded 
by an investment consiat- 
ing of several layers of 
prosenchym atone cells. 

The rest of tlio funda- 
mental tissue, the eom- 
plmimttary tiinte, consists (with the ezooption of tho pro8oncliyiua< 
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wbiire Ihiy adjoin tbe collencbrmi, balBrs 
tbiokcucd Ii]cgth»coJI«iie>ijiiikattba*iiglDg 

han snat capsclCy lor ■wBllina ; M cblo- 
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tons ground- tissne in the stoma of Ljcopodiaceas, etc.) of thin- walled 
snccniont parenchyma with interceHolar siMtces ; the cells may con- 
tain chlorophyll- corpuBcles, as in the case of leayes and of the 
cortex of sterna, or the tissne may fee colourless, as in the interior 
of anocnlont Htems, in roots, and in jnicy fi 

The chlorophyll- con- 
taining ground-tissne of 
leaves is usually of a 
different texture at the 
two snrfaces of the leaf ; 
it is in consequence of 
this that the two snr- 
faces differ somowbat in 
cmlour. 

The tissue of the upper 
surface consists princi- 
pally of pallisadi paren- 
chyma, that is, of narrow, 
elongated cells, arranged 
perpendicularly to tho 
surface and having very 
small intorcellular spaces 
(Fig. 56pn); the paren- 
chyma of the under sur- 
face, on the contrary, tho 
tpongy parenchyma, is 
formed of cells which aro 
irregularly arranged, and 
are separated by largo 
intercellular spaces (Fig. 
56 q>). 

The cells of tho pith of 
woody plants generally 
all die, as in Samtinciis 
(Elder), or at any rata 
most of them do so. J 

Seterenchymatous colls e 
occur in the most difierent parts of the fundamental tissue ; they 
TOMj be isolated, as, for iustanco, in the flesh of Pears and in the 
cortical parenchyma of many trees, or united to form a coBsiderabla 
mass of Rcleronchyroatous tissue, as in tho shell of many fmite, as 
the hozel-nat, and the stone of others, &a the plui 
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Internal Receptacles for Secretions. In the Bbro- 

TBfiGular system, as well as in the fandamoutal tissnc, besidea the 
forms of tissue hitherto described, there are foond other BtructureB 
which Berre to sBcrete and to transmit certain Bnbstauces which do 
not occnr thronghont the plant : these Btracturea traverse both tho 
internal tissue -systems, ao they cannot be regarded as belonging 
especially to either, bnt must be considered separately. According 
to their mode of origin, these receptacles may be either isolated 
closed cells containing nothing but the matter secreted, or they may 
be vascular stmctores, formed by the fusion of elongated colls by 
the absorption of their walls ; or, again, they may he intercellular 
spaces, cavities filled with secretion which have been formed either 
by the absorption of a mass of tissue {hjsigmious) or by the separa- 
tion from each other of uninjured cells {sBhiiogeiious) (see § 23). 
They may be arranged in the following order, according to the 
nature of the secretion : 

(1.) Crystals or clusters of crystals are frequently found in certain 
cells, particularly in the fandam.ental tissue of Monocotyledons and 
in the baat of many trees. 

(2.) Cells filled with mucilage occur in the Malvacete, in the cortex 
of the Eim and Firs, in the tubers of the Orchidese ; mncilage also 
occurs in lysigenous intercellular spaces in the Cactece ; cherry-gum, 
which is formed by a gradual transformation of groups of cells, must 
be included here. 

(3.) The milky jnice (latex) which flows from many plants when 
they are cut, derives its milky appearance from minute solid particles 
which are suspended in watery Quid, constituting asort of emulsion; 
the milky juice frequently containB caootchouc ; sometimes, as in 
Chelidoninm, it is yellow. This milky jnice is found in different 
vessels in tho different famiUes of plants. 

(a.) In the ClchoriaceiB (aa the Dandelion and Scorzonera), the 
P&paveracete, and Campanulacoffi, it is contained iu the latiei/ennu 
veucU ; they are straight or branched, anastomosing rows of cells, 
the transverse walls of which are absorbed or perforated (Fig. b7). 

{b.) In the EnpliorbiaceEB (e.y., the Spui^es), the U^ticacca^ and 
AscIepiadefE', the milky juice is contained in closed cells, which are 
much branched and est«nd throughout the whole jtlant. These lali- 
ei/eroua eelU are akeady present in the embryo, while it still consists 
of only a few cells, and they grow with its growth without under- 
going any division. 

(e.) The milky juice is contained in cells of small dimensions. 
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■which aro not nnfrequently arranged in rows ; this is the case in 
the Maple, in Sambncns (Elder), where these cells are visible as red 
lines at the circumference of the dried-up pith, in the Convolynlacefe, 
where the milky juice contains much resin, in hojiandra Gutta, of 
■which the inspissated milky juice forms Qntta pereha. 

All these forma of latJciferons vessels occur principally in the cortei 
and phloiim, but they sometimes occur also on the inner side of the 
fib ro- vascular bundles of the plants in question, A groat nmnher 
of very important produci*, valuable in medicine and the industrial 
arts, are derived from the latex ; thns Caontchouc (India rubber) is 
the dried milky juice of Siphonta elMliea, one of the Euphorbiacere^ 
and Opiam is the milky juice of the unripe capsules of the Poppy, 
Fapaver somiufettiin, 

C . . .^ A 
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(4.) &«iVw and ethereal oils, not nnfreqnontly combined, occnr; 

(a.) In fell', in the Laarinee, e.y., Camphor ; in the Zingiberaceej, 
Acorns, and other plants ; the solitary resin-cells in the wood of the 
Silver Pir may be mentioned here. 

(b.) In inlereellular epaces, which may be of lynigenons origin and 
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are then ufiiiajly of a spherical form ; these were formerly de- 
signated glanilB (Fig. 58). The oil of the Citron, Orange, RntaceiE, 
Myrtaceie, is contained in gncli cavities, oh well as ttist of the leaves 
of Hjpericnm, which present in conseiinence a nnmber of trans- 
parent Bpots. 

The other intercellular spaces which contain oil or resin are of 
Bchizogenons origin ; tliat is, thej are formed by the separation from 
each other of certain ceUa sarronnding the intercellular space 
(which is osually elongated in form), and differing from the rest 
of tlie tiasnes in their nrrangement and mode of division (Fig. S9). 
To these belong the oil cavities which traverse the primary cortex 
and phloem of the Compo-sitir, and tho gnm-resin- ducts of the 
ITmbelliferiD and their allies, in which the resin is mixed with 
gnm : also the resin-dncts of the Terebmthacete, Simarubeee, and 
Coniferte, which contain a Balsam, i.e., a solntion of resin in an 
ethereal oil. In the Conifcrm (among which resin is wholly absent 
from one genns only, namely Taxns), they are found in the leaves, 
the arrangement varying with the species, and they pass from them 
into the primary cortex ; they also mn longitndinally through the 
wood' and transversely in the larger mednllary rays, tiysigeuons 
reHin-recepta<.'le3 of a, spherical form are formed secondarily in 
several species, e.g., the Larcb, in the primary and secondary 
cort«x. 

§ 29. The Epidermis. In the lowest forms of plants the 
epidermal system is not sharply defined from the fundamental 
tissue, and is, properly speaking', only tho outermost layer of that 
tissue. In tlie higher plants there is usoally a true epidermis (Fig. 
45 f) ; this envelopes most annual plants, and gcnorallj consists of 
a single layer of cells, which are in close juxtaposition (with the 
exception of tho atomata) without any intercellular spacca ; it 
may be easily stripped off from certain parts of many plants (e.g., 
the scales of the Onion and tho leaves of Begonia) as a thin trans- 
parent membrane. In some special cases, e.r/., the leaves of Ficns 
and Peperomia, tho primitively single layer of tho epidermis divides 
into two or more layers, of which the outer layer alone has tho 
appearance of a true epidermis. Sometimes the cells of the epi- 
dermis differ very slightly from those of the internal tissue, as in 
the roots and leavee of many water- pt an ts ; but the difference 
between the epidermis and the tissues which lie beneath it, in the 
case of the stems and leaves of t«rTestrial plants, is well marked, 
ttiid the epidermis is usuully further distiugnitJied by certain pecu- 
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liar stractares, such aa stamata and hairs. The epidermal cells but 
seldom contain chlorophyll, but, on. the other himd, they often con- 
tain other colouring- mat tera in solution. In thoa 
which grow tu a conaiderablo length, their form is n 
in broad leaves it is commonly 
tabular. The eide walls have 
very frequently an undulating 
outline, so that the adjoining 
cella fit into each other. The 
external waU ia usually much 
more thickened than the other 
walls ; its outermost layer ia 
alwaya cuticularised, and ia 
called the cuticle; it is clearly 

J e J i_ .u ■ 1 '■''■■ eo.— spiQennii w ivim ft noma (si ii-nni 

detmed from the mner layers, » Bro=>»eeiJDno( aienf of HvarinUiuioWminin 

which are also more or less (« *»>! v pBrBncbym* of tho (uaaiuoonua 

cuticularised (Fig. 60), and it """<" '""^-™'"y- 

extends continnonaly over the whole of the epidermis. It has a 

tendency to form thickenings projecting outwards from the surface. 

Particles of was are included in the cuticle of many terrestrial 

plants which protect their surface from being wetted by water. 

This wax often appears on the 

surface in the form of small 

granules, rods, or flakes, and 

then forms a bluish bloom, which 

is easily wiped off, or sometimes 

a considerable mass, aa in the 

fruits of Myriea cerl/era and the 

trunks of some Palms (Ceratoxy- 

lon andicola and Klirpstockia cm' .- 

The Stomala are organs which 
here and there interrupt the con- 
tinnity of the epidermis and per- 
mit communication between the 
air contained in the intercellular ' 
spaces and In the vessels, and the 
external atmosphere. Each stoma consists of two peculiarly modi- 
fied epidermal cells called guard-celU ; these, when seen from the 
surface, appear usually of a half-moon shape (Fig. 61 k) and sur- 
round the opening of the stoma. This leads to the mr-cavitij (Fig. 
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60 i), a large intercellular space between the epidermis and the 
■nnderlying tisBne, which communicateB with the other intercellnlar 
epoces. The whole stoma originates thus ; a yonng epidermia-cell 
divides into two, the two gaard-colls ; these are separated by a 
BOptuin, which is at first simple, but which subsequcatly splits. 
The size o£ the opening niay be increased or diminished by the 
action of estemal influences, and this ia effected by changes in the 
form of the guard-cells. Stom.ata are found on almotit all parts 
of terrestrial plants which ara above the ground, and are par- 
ticularly abundant on leaves (as many oa 601) to the sqnaro milli- 
metre) , they are usually wanting in submerged organs, and are 
always absent from roots. 

Httin are products of the opidermifi, and are generally formed by 
the outgrowth of single epidermal cells. They may remain unicellu- 
lar, as in the case of the root- 
hairs which form the velvety 
covering of young roots, and of 
the hairs on the outer coat 
(testa) of the seed of Goasypium, 
which constitnte Cotton; or they 
may undergo division so that 
they consist of a row of cells 
(Fig. 62 a, d) ; or again, the out- 
growth from the epidermal cell 
may undergo divisions in two or 
more directions, In consequence 
of which either a layer of cells is 
found, as in the case of the scales 
(rameiUa') on the leaves of Ferns, 
or a mass of cells, as in the case 
of the stiff bairs on the fruits of 
Thistles and similar plants. If 
a mass of cells be formed at the 
of a hair, or if the cells 
the apex are much larger 
Qi fleTeiopmeoi, than the rest, it is called a glan- 

dular hair (Fig. 62 b). In many cases the contents of the hair-cells 
disappear at an early stage, as in Cotton, and are replaced by air. 
Soraetimea the membrane becomes greatly thickened, and often 
contains deposits of considerable quantities of lime and silica. The 
etiiiging hairs of Nettles and other plants secrete an acrid fluid 
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which, as their points bi'eak very easily, enters the object tonching 

Tho Qlandt, the secreting organs of the epidermis, are peonliar in 
that the secretion (which is usually ot a sticky nature) makes its 
appearance in the substance of the cell- wall under the cuticle : it 
causes the cuticle to Beparate from the remainder of the cell-wall, 
and finally ruptures it. Secretion takes place frequently over the 
general surface of the epidermis, as ia young twigs of the Birch, or 
over certain circumscribed areas of it, as the teeth of the leaves of 
Pmnna, Salix, and other plants, and the neataries of flowers, or at 
the apes of glandular haire, as in Prinivia eiiiensU : the collelert 
which clothe tho yonng oi^ans in. the winter-bnds of trees, and 
which cover the unfolding leaves with their secretion, are also 
glandular hairs of this kind. Digestive glands, which secrete a 
fluid capable of dissolving various foreign bodies, are peculiar to 
certain plants ; they are found in the " tentacles " of Drosera, efo. 
(Fig. 72). 

In those parts of 
plants which grow in 
thickness, sneh as the 
stems and branches 
of trees, the tubers 
of the Potato, and 
napiform roofs, tho 
epidermis is usually 
unable to keep pace 
with tho increase of 
the circumference, 
and it mptnres: a 
new protective tissue 
!s usually formed 
from tho cortical 
fundamental tissue, p,„ m.— Cort of i 
which is termed the {trsM. sect. ■ 350|; 
Oork or Periderm. ""'°' ^°" ^' 
This consists of tabular cells arranged in rows perpendicularly to 
the circumference of the organ : their walla are converted into cork, 
and are scarcely permeable to water : tbey nsnally contain nothing 
bnt air (Fig. 63 k). The cork-coUs are formed by tangential divi- 
sions taking place in the cells of n special meristom, the Phellogen, 
and lie externally to it : frequently parenchymatous cells containing 
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chlorophyll are formed in a similar manner from the phellogcn, and 
lie internally to it; these are tnowii as Plielioderm. 

A foiTnatioQ of cork is wholly absent in only a very few woody 
plants, as the Mistletoe and a species of Maple (Acer Feniuylvani- 
cum) ; in EuonymoB it ocunrs only in braiieliea of eeveraJ years' 
growth. It nsnally takea place in one-year'a shoots towards the 
end of summer, so that their originally green colonr is changed to 
brown. This periderm, which ser^'ea aa a snbstitnte for the decay- 
ing epidermis, and which may be termed primary, is nsually formed 
in the ontcrmost layer of the cortex in immedinte contact with tho 
epidermis; in rare cases the epidermis itself is transformed into 
phellogen (in Salix and the Pomace«e), or the pbellogen originatcB 
in a more internal layer of the corteit (Legnminosos, Larch, Ribes), 
or even in the phloiim (as in the Grape-Vine). In consoqncnco of 
the impenetrability to water whii-h is characteristic of the cork- 
oells, all the tissnos outside the periderm necessarily dry np, and 
these driod-np tissues, which may belong to diSerent tissue-systems 
and include the most various forms of cells, constitute what is 
known as Barh. In roots the primary periderm is always formed 
in thepericambiara; consequently the whole oE the cortex, which 
is often of great thickness, is ti-aji^formed into bark and is thrown 
off (compare Fig. i'J B). 

When the primary periderm, originates in the outer layers of tho 
cortex (or in the epidermis), it forms for many successive years the 
external investment of the branch ; it may attain considerable thick- 
ness, as in the Cork-oak, and at the same time exhibit an alternation 
of dense and loose layers (<^.j., the Birch, in which the layers may Ije 
peeled off in thin white sheets); sometimes (as in Acer campettrc and 
tho Cork-elm) it forms wing-lik» projections from the angles of the 
branches:. In a few trees, aa tho Silver Fir, this primary periderm 
persists for some years, or, oa in the Beech, during the whole life of 
the tree; the onter cork-cells split off as the trunk of the tree in- 
creaaas in thioknesa, while the phellogen, growing and extending in 
K tangential direction, gives rise to new layers. In most cases, after 
a few years, new secondary layers of periderm are formed in the 
deeper layers of tissue, cansing, natnrolly, tho production of a very 
considerable bark- If the new secondary layers of periderm occupy 
only a part of the circumference, and their margins are in contact 
with tho periderm which has boon previously formed, a scaly bark 
ia formed, that is. isolated patcbes of tissue are tranaformod into 
bark. This bark is stretched and torn by tho incrcafiing size of tho 
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tmnk, and the bcqJgs of it may be alied, as is the ca^e in the Plane, 
or thej may adhere one npon the other, aa in the Fines and Larches, 
or remain connected by the bast-filires in Ions' strips, as in Robinia, 
When, on the other hand, the priiuaiy peridena has been formed in 
the deeper layers of the cortei, the secondary periderm often forms 
complete concentrio pings ; thna hollow cylinders of the cortes are 
transformed into bark (ringed bark). The longitndinal raptnre of 
this kind of hark is effected by the bast-librea enclosed in it, e.g., 
Vine, Clematis, and Thnja. 

There are in the periderm organs corresponding to the stomata of 
the epidermis, and serving, like them, to admit air to the living 
portion of the cortical tissne ; these are tiio Lentieeh. They are 
vBually circnmscribed circular areas of the periderm where the cork- 
cells formed in the course of the snnimer are not arranged closely 
tt^ther, bat are separated 
by intercellular spaces. In 
winter the lentioels are 
closed by ordinary cork- 
cells. They are moat easily 
detected in branches of one 
year's growth, where they 
are to bo seen in the snm- 
mer in the form of brownish 
or whitish specks under the , 
places where the stfimata i 
occar in the epidermis. 
These spots are commonly the starting- points of the formation of 
cork. In many trees, as the Birch, the lenticels become much ex- 
tended in width by the growth of the branch in circumference. 
When the cork-layer is very thick, as in the Cork-oak, the lenticela 
form deep canals filled with a pulverulent mass of cells. 

In woody plants the falling off of the leaves breaks the continnify 
of the epidermis. This process is induced by the formation in the 
autunm of a zone of peculiar tissue at the base of the leaf, the cells 
of which become separated along one plane by the splitting of the 
common walls, so that the cells reniain uniajnred. Cork is subse- 
quently formed under the layer of cells covering the portion of the 
leaf which remains attached : the cork formed here becomes con- 
tinuous with the periderm which invests the branch. 

§ 30. The Primary Meristem and the Apical Cell. 
The growing cud or apex of an organ, sach as a root or a stem, is 
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called the growing-point (pundum vegetationis). In roots it can bo 
readily distinguished on account of its freedom from colcmr, and it 
will be Been to be enveloped by a. transparent mass of tissue forming 
tho rool-eap (see § 7). In stenia the growing- point is invested by 
the yonng leaves. In the growing-point tho different forms of cells 
and systems of tissne which have just been described are not yet 
present; it consists of a tissue, the cells of which are all capable of 
division, rich in protoplasm, thin-walled, and in close jnxtapoaition, 
withont any intercoUnlar spaces r this is the priinary merislein. 
Most leaves and fruits, and many other organs, consist, at the 
earliest stage of their development, wholly of primary raeriatem, 
which is subsequently transformed into the different forms and 
systems of tissue, so that none of the primary merist«m remains. 
In those organs, on tho other hand, which have a continuous apical 
growth, as most 
stems and roots, now 
primary meristem is 
constantly being 
produced propor- 
tionately to its trans- 
formation into per- 
manent tissue, by 
the formation of now 
cells at the growing- 
point. At the apes 
of a root, the tissue 
of the root is formed 
backwards from the 
primary meristem, 

r™, «— Lonitilmliriil «pliin ihrcasli [he Bpl™l regton of and the root-cap for- 
ft alero of FmitmaJu aK^~pifr*ficii, ■ Mou EroiTLnff Id vriwr ^^^^j ai _i i 

,.«.,i.r»«i,.«...»ri"ii.n..*«;.,™>:a.„i™ ""'"i «■= "I'on.al 
row* of HgBUDU vhUh Kn It ant Dbliigiio uid BfMmnli cells of the latter 
plMsd tnnncnalr Idiitlngnuhad bj ■ UroDgar onlline). ^re constantlv beinr 
Kaeb MKBWnt it tint of all dlvtded bj tbt nil a Inin nn _ '■"^ 

Iniuit and m outer cell; ths (ortper producm k pnn of tho worn OH. 

n. U» luitT ih« rortos at tbe iwd. .diI In Cryptogams 
(gnnoO thiin bd craior coll nf '■'"* constant pro- 
ihp NvnHat. "hioh Ojon. like », produwi thrw row* o( Kg- duction of primary 
meristem is usually 
effected by means of a single cell, which occupies the apex of the 
growing organ, and is distinguished by its size and form; this 
u the apical eeU (Fig. 65 v). This is the coso in tho higher 
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Tballophyics (bnt not in Fncus), in the Muacineie, and in the 
Vnacular Crj^itogams (but not in Lycopodium, Isoi-tea, some 
Selaginellas, roota of Marattiaccs) : in these exceptional cases no 
single apical cell is present. From this cell all the cells of tho 
primary meristem, and consequently those of the whole mass of the 
plant, originate in the following way : it divides in regniar auc- 
CBsaion into two; of those, the one remains exactly similar in form 
to the original apical cell, it increaacB in size, and then fulfils the 
functions of the apical cell in its tarn ; the other, known as the 
negmeiil, by further subdivision (Fig. 65 a 6 c), forms a portion of 
the tissue of the organ to which it belongs. The whole mass of 
tissue is formed fvom the segraeats which are thus successively pro- 
duced. The mode of the formation of the segments is very simple 
in some Algte, where the terminal cell is divided only by transverse 
septa, so that the segments form a longitudinal row. The process is 
more complicated when the segments are cut off right and left 
alternately by oblique walls which intersect. It is still more com- 
plicated when, as in the stems of Mosses and of Foms, the tenninal 
cell is wedge-shaped or has the form of an inverted three or four- 
sided pyramid; segments are cut oft from each of the sides by 
inclined walls in regular succession (Fig. 65). The root-cap is 
formed by segments which are cut off from the apical cell by walls 
parallel to its free surface. 

From the foregoing account of the growing-point of Cryptogams 
it is evident that tho tisanes of such stems and roots as possess an 
apical cell must necessarily have a common origin. In the Vascu- 
lar Cryptogams the commencing differentiation of the tissues in 
tho primary meristem of these members can usually be observed 
close behind the apical cell. There is a distinct external layer of 
cells, known as the demialogeii, which is the primitive epidermis: 
within this are several layers of cells, iAinacA peribhm , from which 
the cortical tissues are derived ; and in the centre is a cylinder of 
Bomewhatsmallercelia, the j^Ierome, from which the asial tiaauea, and 
most commonly the fibro- vascular bundles, will be formed. 

In the Phanerogams, as well oe in those Vascular Cryptogams 
which have been already mentioned as exceptions, the growing- 
point has no apical cell. It consists of a primary meristem which 
usually exhibits, in tho stem at least, the above-mentioned differen- 
tiation into three Bystema. The tissues of the mature members 
have not, therefore, a common origin, as is the case when (in apical 
I cell is present, but each tissuo-E^stcin in, developed tvcjm the corre- 
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Bponding aystem of the primary raeristem. In roots there is in many 
ca§e3 a fourth meristomatic layer, the eahjptrogen, from, which the 
root-cap is developed, Imt the differentiation of the primary meristem 
is not BO regular aa it is in stems : in rare cases (Hydrocharis, 
Fuitiic StnUiotee') all fonr layers a.re present; in others (most Mono- 
cotyledons) the epidermis and the eortes are developed from a com- 
mon mevistematic layer, so that dermatogen and periblem cannot be 
distingnished ; in others again (most Dicotyledons) the root-cap and 
the epidermis are derived from a common layer, and finally, in 
Gymnosperms, the primary meristem consists only of plerome and 
periblem. 

§ 31. Formation of Tissue in consequence of Injury. 
When the internal tissues of most parts of plants are laid bare by 
inj'nrj', they are gradually covered by a formation of cork tating 
place in the outermost layer of cells which remain uninjured and 
capable of growth. This is easily seen in injured fruits, loaves, and 
herbaceous stems, in which the wounds that have been covered by 
a layer of cork are distinguished by u grey-brown colour. The 
process is very easy to observe in potato-tubera, for each portion 
of living tissue taken from one, if only prcveutcd from drjing too 
quickly, will soon be covered oyer the whole surface by a layer of 
cork precisely similar in structure to the ordinary rind. In plants 
in which the wood is well developed, cork is not immediately 
formed — particularly when the cambium is wounded or laid bare — 
hut all the living cells which border on the wound give rise to a 
homogeneous parenchymatous tissue known as the Callus. If the 
wound is small the callus-cells proceeding from the different sides 
soon como into contact and close up into a siiigte mass of tissue, 
which then gives rise to cork on its outer surface, and, joining the 
old cambium at the mai^ins, forma a new layer of cambium, which 
lills up the cavity. If the wound is a large one, cork and now cam- 
liinm are formed in the oallus at the margins uf the wound, and it 
is not wholly closed till after repeated rupture of the approaching 
cBshiona of callus. The wood exposed by the wound, which usually 
assumes a dark colour under the influence of the air, does not grow 
with that formed from the new cambium of the odius; hence in- 
scriptions, for instance, which arc cut in the corlei bo as to reach the 
wood, though aabscqnently covered by a number of annual layers 
of wood corresponding to the number of years, may easily bo found. 
A similar explanation accounts for the fa^t that the sorfa^es of tho 
stamje of cut-oS branches becom« overgtowu; tho callus first ap- 
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pears as a ring from the cambium exposed in the transverse section, 
and afterwards closes like a cap over the old wood. Foreign bodies 
— nails, stones, and stems of other plants — may thus become on- 
closed in the wood of a tree and be overgrown by it ; the cortex, 
being forced against the foreign object by the pressure of the grow- 
ing wood, splits, and the callus formed in the rent grows round the 
object, enclosing it and producing new cambium. 

Stems of plants of the same species will grow together if they 
are in close contact; the callus formed by the cortex of both, 
coalesces and gives rise to a common cambium. On this depend 
the various modes of artificial grafting, in which branches or buds 
with a portion of the cortex are taken from a variety or an allied 
species and placed so that their cambium is in contact with that 
of a stem which serves as the stock, and subsequently they grow 
together. 



PART III. 



TnE FHTSIOLOGY OF PLANTS. 



CHEMICAL PH0CES3ES IN TLANTS. 

§ 32. The Elementary Constituents of the Food of 
Plants. Al] parts of living plants contain a considerable quantity 
of water : this forms not merely the principal constituent of the 
cell-sap. bat also saturates the cell-walls, the protoplasm, in short, 
al] organized strnctnres. It is one of the peculiaj-ities of organized 
etractiircs that minate particles of wator are interposed between 
the particles of solid matter of which they consist. By beating to 
100° or 110° Cent., all the water contained in any port of a plant is 
expelled, and in consequence it will naturally lose weight. The 
ainonnt of this loss, that is, the quantity of cootainod water, is very 
different in various plants ; ripe seeds dried in the air contain from 
12 to 15 per cent, of water, herLaceona plants 60 to 80 per cent., 
and many waUr-pIaats and Fungi as much as Do per cent, of their 
whole weight. 

The residue, which gives off no more wator at a beat of 100° Cent., 
the dry solid, consists of a great variety of chemical compounds ; 
these are partly orgaaic, that is to say, combinations of Carbon with 
other element^ and partly inorganie. Those organic substances 
which occur in the living plant (with the exception of salts of 
oxalio acid) all contain Hydrogen. Some of them, aach as many 
oils, consist of these two elements only (Carbon and Hydrogen), but 
* by far the greater number, including Cellulose, Starch, and Sugar, 
as well as the vegetable acids, and certain oils, contain Oxygen also. 
The albuminous substances consist of Carbon, Hydrt^en, Oxygen, 
Kitrogeu, and Sulphur ; iu other bodies which contain Nitrogen, as 
AspoTHgin and many alkaloids, there is no Sulphar ; from certain 
other alkaloids, for iuetaaco Nicottn, Oxygen li also absent. 
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The organic compoimda can for the most part be resolved into 
Tolfttilo products — chiefly carbonic acid, water, and ammonia — by 
exposure to great beat wilh free access of air, that is, by combus- 
tion. The inorganic residue ia a white, or, if the combustion ia 
imperfect, a grey powder, the aek. 

Aa the result of chemical proeesBes attending the combustion, 
the snlphnr previously contained in the organic compound appears 
aa sulphates in the ash, and the curbonic acid formed during com- 
bustion combines with some of the inorganic substances. These, 
therefore, must not be included in an accurate estimate of the con- 
etitnents of the ash. 

The ash a^ually constitutes but a small percentage of the whole 
dry solid of the plant. The following analyses of various portions 
of plants will give an idea of its amount and composition: — 
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These conatituentfi of the ash do not form a merely accidental 
mixture ; it has been proved by experiment that certain inor^anio 
niatters are absolutely necessary to the life of the plant. Those 
elements which the plant requires Eor its nutrition, and which must 
therefore be regarded as part of its food, are : 

I. Those forming the organic compounds. Carbon, Hydrogen, 

Oxygen, Nitrogen, and Salphar. 
II. Those forming the inorganic eompmmde. Phosphorus, 

Chlorine, Potassium, Calcium, Magnesium, Iron, 

Besides these we find in the ash of many plants — though they 
cannot be regarded as essential to nutrition — the following ele- 
ments : 

Sodium, Litbinm, Manganese, Silicon, Iodine, Bi-omine, and in 
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m, Copper, Zinc, Cobalt, Kiakel, Stron- 
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rare cases, also All 
tintn, and Bariam. 

Fluorine must also exist in vegetnblea, for it is found in a ^tsr- 
ceptible qnantity in the dentine of animalB which feed directly or 
indirectly on vegetaljles. 

§ 33. The Absorption of Carbon. The source h-om which 
all plants containing chlorophyll derive their carbon is Bimply and 
aolely the carbonic acid of the atmosphere (or in the case of sub- 
merged plants, that which ia heli3 in solntion by the water), which 
la decomposed under the influence of light by the cells which con- 
tain chlorophyll. If awater-plant (e.j., a leaf of Potamogelonnalatu, 
or a portion of tho stem of Elodea eanadettgis) be placed in water 
which holds carbonic acid in solu- 
tion, and bo exposed to tinnslune, 
it will be seen that from the cut 
snrface of tho leaf or stem babbles 
of gas are given off at regular 
i.itcrvalB (Fig. 60). These con- 
si-t of oxygon. The carbonic acid 
is in fact decomposed in the chlo- 
> rophyll-corpnacles in anch a way 
Ma, .•«,i«i.iii-i k«.p.u>o*u»»iD iu *i^^ part of its ojtygen la restored 
place loBbogH-babblarlaiusfrcnoUiB cat to the atmosphere, whilst the re- 
*" ""■ sidne conihinoa with the elements 

of water to form organic componnds, which therefore contain 
carbon, h3rdrogen, and oxygen ; the last, however, in smaller pro- 
portion than does carbonic acid (COj). Since almost all tho 
constituents of tho food of plants (and not carbonic acid only) are 
compounds which are rich in oxygen, containing, in fact, for tho 
most part the maximum proportion of that clement, and since the 
products formed within tho plant itself are all very poor in oxygon, 
— some of them being wholly deatitnte of it, — it is a necessary in- 
ference that io the course of nntridon considemble quantities of 
oxygen mnst bo evolved. 

The first organic compound wbich can be detected as a product 
of this process is in most plants Starch (CgH]gOg), which makes 
it« appearance in the chlorophyll-corpasclos in the form of minute 
granules; sometimes grapc-sngar is formed instead. A certain 
temporatnre and the co-operation of light are both indispcuHablo to 
this process ; in the dark no oxygen will be eliminated, and the 
formation of starch-grains in the chlorophyll-corpuscles will also 
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bo no lonp^or observable. Of the different raya which compose the 
Golar spectmm, the least refrangible, and particularly the yellow 
rays, have the most effect in promoting this process. The organs 
irhich are adapted for the performance of this function are those 
which are rich in chlorophyll, particalarly the foliage leaves. 

No carbon is assimilated by green plants in any other way ; ox- 
cepting this particnlap process, there is no instance in all nature of 
the conversion of carbonic acid into organio componnds wldch con- 
tain a smaller proportion of oxygen ; hence all carbon, even that 
contained in the organic compounds of the animal body, is derived 
from the carbonic acid decomposed in the chlorophyll-corpuscles. 

A number of plants which are not furnished with chlorophyll — 
for instance, all Fungi and a few ot the higher plants, as tho 
Dodder (Cuscuta), Orobanche, and Monotropa — are unable, in con- 
sequence of its absence, to decompose carbonic acid ; beoce they 
are compelled to derive their organic compounds directly from 
other living plants, or from the decomposing remains of other organ- 
isms (hnmns) : in the former case they are said to be parasites 
(e.g.y Cuscuta, Orobanche) ; in the latter they are called saprophytes 
{e.'j., Mnshrooms, Neottia, Monotropa, etc.). 

§ 3i. Metabolism. The snhstance formed in the chlorophyll- 
corpnailea— that is, stai-ch, in the majority of plants — constitutes 
the raw material from which all tho other organic substances of 
the whole plant are elaborated. In this process of elaboration, 
the combined nitrogen and the inorganic substances absorbed from 
the soil, and the oxygen taken up from the atmosphere, are also 
concerned. The starch-grains (or their physiological equivalent) 
are continually being absorbed and removed from the chlorophyll- 
corpuscles. Under normal vital conditions, when the plant is 
esposed to the light, the formation of starch is in excess of the im* 
mediate consumption, so that starch-grains are always to bo found 
in chlorophyll-corpuscles ; but if the plant be placed in the dark, 
the starch-grains gradually disappear. 

Of all the substances ivhich are elaborated in the plant, those are 
the most important which contribute to form the substance of the 
cell-walls and of the protoplasm ; they are spoken of as plattic 
substances. 

The cell- walls consist of cellulose, C^HiyOj. It has been shown that 
Starch, Sugar, and Inalin, which have a similar chemical constitution, 
as well as fatty matters, all serve an material for the formation of 
celluloGe, and arc thus the plastic substances for the cctl-waJls. 
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Tho protoplasm consists esaentially of albmnine 
(proteidij), which all contain oitrogen and sulphnr ; Knch albnrain- 
ODS Bubstascea and other nitrogenons componnils, aa uspuragin, 
constitats the plastic materials For the protoplasm and allied atrnc- 
turea, snch as the chlorophyll-corpuacles. 

Tho plastic substanaea are not consumed at once m the organs in 
which they are formed, bnt th«y are generally utilized in other 
parts of the plant and at a later period : hence they are stored up 
for a time, sometimes for a long time, in considerable quantities in 
special organs, and are then called Teterve-maleriaU. The eeeds of 
all plants are organs for the storage of such reserve- m at criola ; 
they contain, besides tho embryo, the nutritive substaaces which it 
requires during the first stages of its development. Tubers ore 
also such organs, and thickened roots (Potato and Dahlia tnberai 
Turnip), aa well as the persistent ports of perennial plants, such as 
the rhizomes of herbaceous plants, certain part« of tho tissue of 
the bronchos and trunks of trees and shrubs, and in evergreen 
plants oven the leaves themselves. 

Potato tubers, for instance, contain, oe is well known, a great 
quantity of starch ; when the bads grow out into shoots, and new 
plants begin to bo formed, the starch disappears in proportion as 
new cell-walls are developed. In the same way the starch of the 
aeoda of cereals, the cane-sugar of the beet-root, the ioulin of 
Dahlia tubers, the fatty oil of the seeds of the Rape, the Pumpkin, 
tho Sunflower, and other plants, is used up in the formation of the 
cell-walls of the new plant. Certain layers of cella, particularly 
the cells of the medullary rays of trees, contain, in the winter, a 
quantity of starch which is absorbed and consumed during the 
spring when new shoots are developed. Cellulose itself occurs as a 
roflcrve- material in the seeds of the Date and other Palms ; tho 
remarkably thickened walls of eadosperm-cells are absorbed dnring 
germination, and subserve the growth of tlie seedling. Tho pro- 
tcid-groins (alenrone) described In § 15 are the albuminous resene- 
materials of the seed. 

If seeds are made to germinate, or if shoots grow out from other 
deposits of reserve-material, as potatoes and the like, in the dark, 
no &e«b formation of plastic substances can take place, so that tho 
whole of the newly-formed cells are developed at the cxpciiso of 
the reserve- materials ; thus the degree of development reached by 
plants grown in the dark depends on tho supply of reservo- 
matorials, which varies in different plants. For iustnuce, if tlic tiny 
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seed of the Tobacco germinates in the dark, only a minnte seedling 
is developed, ^\'liile b. potato tuber or a beet-root can nourish. larg« 
plants. 

The plastic snbfltancea which are stored up as reserve- material 
nndergo a series of changes before they attain their final form, 
which may be ceUnlose, or the proteid of protoplasm. The plastic 
materials for the eell-walla, whetter they are deposited as starch, 
cane-sugar, inulin, fatty oils, or cellnloae, are always in part 
changed into grflpe-surrar, which is conveyed in solution tlirough 
the parenchymatoas cells by diffnsion to the spot where it is to be 
ntiliied, — that is, to the place where the new cells are being formed. 
Very frequently a temporary deposition of it in the form of starch 
occnrs in the conducting tissues, more particularly in the bnndlo- 
sheaths. 

The intermediate forma assumed by the albuminous reaerve-sulv 
etancea are but little known. These Bubstances appear generally to 
travel slowly through the thin- walled elongated cells of the phloem, 
but in some plants asparagin appears as an intermediate form, 
which travels through the parenchymatous tissue. 

The starch of the chlorophyll -corpuaclea is conducted, in the same 
way aa the starch of the reservoirs of nutriment, to the spot where 
it is to be utilized, partly in pronioting the growth of the new 
organs, and partly in being stored up in one of the depositories in 
the form of one of the above-mentioned Bubstanees. 

A great number of compounds of carbon occur iu plants, which 
stand in no dii'cct relation to the development of new cells; they 
are the bij-proditets of metabolism, which are formed partly as an 
inevitable result of the various changes effected in the different 
plastic substances, and partly also in connection with the perform- 
ance of functions which are at present in great measure unknown. 
Among these by-prodncta are Tannin, Colouring matters. Acids, 
Alkaloids, Volatile Oils, etc. They also are formed from the re- 
serve-materials, which are therefore never entirely consumed in the 
construction of new organs. 

Finally, the products of degradation are the last terms of the 
series of changes expressed by the word metabolism. They can 
nndergo no further modification in the organism, and they have 
been formed from its organized constituents. To these belong most 
kinds of gum. In Gum Tragacanth, which is excreted by many 
Hpecies of Astragalus, the organization of the eell-walla is plainly 
perceptible j they have become capable of swelling-np cnormoasly ; 
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Cherry Gum is formed in the sanne way from cell- walls which have 
become diiluent, bat it is not soluble in water. Gam Arabic, which 
is formed by several kinds of Acacia, consists of cell-walls which 
have been ao ^eatly changed as to be absolutely soloblo in water. 

§ 33. The Source and Significance of the other Con- 
stituents of the Food. All tlie nntriment of plants, with the 
eiception of carbonic aoid, is dt'rived from the soU. 

The Hydrogen of the organia componndB ia obtained by the 
decomposition of the water which permeates eveiy pari of the 
plant, and is constantly being ab&orbed from the earth. 

Nitrogen, which is an essential constitaent of albuminous sub- 
stances, is never assimilated in a free form ; although it is present 
in large quantities in the atmosphere, a plant pei-ishcs if the soil in 
which it grows contains no compounds of nitrogen. Nitrates and 
compounds of ammonia are widely distributed, and it is in this 
form that nitrogen is taken up by the plant. 

The small group of caraivoroiit plants, eoch as Drosera and 
TTtricnlnrio, have a. special means of obtaining nitrogenous food ; by 
their leaves they capture small insects, etc., and absorb compounds 
of nitrogen from them. 

Sulphur, which is a constituent of albuminons and a few other 
substanceB occurring in plants, snch as oil of Mustard, is derived 
from the solphatos of tho soil, Pi'obably the formation of crystals 
of oxalate of lime is connected with tho decomposition of tho 
absorbed sulphates : the oxalic acid of the plant combines with lime 
to form oxalate of lime, liberating sulphuric acid which then 
nndergoes further decomposition. 

Phoiphorut is a constitnent of the phospfaorio acid wliidi is 
always found associated with the albuminous substances, and which 
Boema to stand in some close relation to them ; phosphates consti- 
tute a large proportion of the ash of seeds. 

IroTi, though it is met with in very small quantities, is absolutely 
necessary for tlio formation of chlorophyll, and therefore also lor 
tho formation of starch. The leaves produced by plants which ai-e 
not SQpplied with iron daring their growth are wliito so soon ns 
tJieir own store of iron is oituiusted ; thcee leaves, which are said to 
bo elilorulic, beuumo green in consequence of tho formation of chlo- 
rophyll, it ilio soil bo supplied with iron, or even if their sorface 
only ia washed with a very weak solution of iron. 

Polfutium is found in the form of salts combined wiUi various 
organic acid^ aa tartaric acid, racemic acid, and oxalic acid. Ud- 
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less the soil contains potaasinm, no formation of starch can take 
place in the chlorophyll-corpuscles; further, the potassium salts 
must bear some relation to the plastic materials of the cell-wallsi 
since they are fonnd for the most part in those portions of plants 
"which are rich in starch, sugar, or siruilar substances, as in potatoes, 
beet-roots, and grapes. 

Culciuiii and Magnegium have been shown to be necessary to the 
normal development of plants, but nothing beyond this is accurately 
known as to their function. They occur as salts of lime and 
magnesia in combination with both organic and inorganic acids. 

Am regards 0}ilixnne, it has been experimentally proved so far to 
be indispensable in the case of one plant only, the Buckwheat 
(Polygonum Fagopyrum). 

It has been discovered by experimental cultures, that a plant can 
be perfectly nonriahod if it is supplied with all those elementary 
substances which have been enumerated as essential. This might 
be done, for instance, by supplying it with either of the two follow- 
ing groups of chemical compoonds : 



1. 

Calcic nitrate 
Potassic nitrate 
Potassic superphosphate 
Magnesic sulphato 
Ferroua phosphat-e 
Sodic chtoiide. 



2. 

Calcic nitrate 
Ammonic nitrate 
Potassic sulphate 
Magnesic phosphato 
Ferrous chloride. 
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In these two mixtureH, as well ba in others of the same acids and 
bases which might be formulated, all the essential elements are 
included in forms suitable for absorption. 

§ 36. The non-essential Constituents of the Ash. 

Bilica, a compound of silicon and oxygen, is distingniahed from 
the previously -mentioned constituents of the ash, not only in that 
it occurs sometimes in greater and sometimra in smaller quantities, 
but more particularly in that the amount of it present in any organ 
increases with the ago of the organ. Hence it may be inferred 
that it can hardly stand in any direct relation to the chemical 
processes of nutrition. Moreover, plants which are usually rich 
in silica can be brought to an apparently normal development 
under conditions which render the absoi'ption of silica impossible. 
Iodine and Bromine are found in many marine plants, especially 
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in Algw, (wid are prepared from them ; it is not known if they are 
of any valne in the economy of the plant. 

Sodium, being nniverBally diatribntefl, is fonnd in plants. 
Lithium occnrs in the ash of several plante, particolarly in 
Tobacco, 

. ZiM, Copper, and other metals, though they are not coniinonly 

present in the ash of plants, are neyerthelcsa taken up by plants 

from soils which are rich in them ; from this it appears that plants 

may absorb snbHtancea which are not necessaiy for their nntrition. 

§ 37. The Absorption of the Constituents of the Food 

from the Soil. With the exception of floating wator-plant«, 

which derive the whole of their nutriment, even their carbonic 

acid, from the water which enrrounda them (e.g., 

Utricnlaria), most plants grow in damp, or in 

dry, porous soil, from which thoy absorb all 

their nourishment except carbonic acid. The 

organs by which lliis is effected are the roota, 

or, in rootless plants, hairs, shoots, or branches 

of the thallns, which take the place of roots. 

The epidermal cells and (Fig. 67 h) root-hairs 

come into close contact with the minute particles 

of the soil, and with the water which adheres to 

these particles. Some nntrient substances are 

held in solution in the water of the soil, and 

pass directly into the root-cells by diffusion: 

Others are decomposed by the acid sap which 

ia contained in the cells and which satarates 

even their cell-walls, and they then pass into 

Fia. t7. — Boot-h»ir« the plant in the form of salts of organic acids. 

li\^ot ft 'eorinin»™B ^ * plant ia allowed to grow over a plate of 

iiiiiut o( Buekwii«*t polished marble, the calcic carbonate is decom- 

tiypocotjiedonory 'por- direct contact with the roots, and a complete 
UoBi ecotyiwiom. outline of the whole root-system is produced 

upon the marble. Thus altliongli these nutritious substances are 
so firmly retained by the soil that they ca:inot bo dissolved out 
of it by water, they are novorthelcsa absorbed by the plant. The 
plimt is enabled to take up these as well as other substances which 
CHTCur in a solid form, in conseiqncncoof the very intimate con- 
nection of the root-hairs with the particles of the soil. If ft 
Btron^ty-growiDg jilani bo pulled up oot of the groond, those parts 
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of the root which are provided with hairs — noither the apex nor 
the oldest portion— will he seen to be closely covered with earthy 
particles which cannot he removed withont t^aring^ the hairs. 

It has been fonnd that the ash of plants which grow close to- 
gether in the same soil or in the same water, may have a com- 
position which is different in different cases, and which is different 
also from that of the soil ; hence it has been inferred that plants 
have a certain power of selection, that they can absorb certain 
matters and reject others. This phenomenon can, however, bo 
more simply explained by the known laws of diffusion, A Bub- 
stance which k held in sotntion by the mediom which enrronnds 
the plant will continue to difFnae into the cells of the roots nntil 
equilibrium is set np between the two flnida separated by the 
membrane, and this is equally true of those substances which ai'e 
at once absorbed by the plant as of those which are brought into 
solution by it before absorption. IE the substance is not consumed 
in the plant and consequently remains unaltered, the state of equili- 
brium once set np is permanent, and no more of that substance 
will be absorbed ; but if it is consamed in the plant, undergoing 
chemical change in the process, it cesses to exist in the plant in 
its original form, and fresh supplies will be constantly absorbed. 
Since these chemical changes differ in different plants, it is possible 
to account in this way for the variety in the composition of the ash 
of plants which have grown side by side. 

The fact that certain constituents of the ash are indispensable to 
the life of plants is of the greatest importance in agriculture. All 
the constituents of the ash, as well as the nitrogenous compounds, 
are removed every year in considerable quantities from the soil at 
the time of harvest. Those which exist in the soil in relatively 
small quantity, such as phosphoric acid and compounds of potassium 
and of nitrogen, must be restored to it: this restitution is the object 

§ 38. Oxygen ; the Respiration of Plants. In the process 

of nntrition a large quantity of componnds of oxygen is being 
constantly introdoced into the plant ; and, since the assimilated 
substances which are formed from the compounds are very poor 
in oxygen, it follows that during assimilation a considerable portion 
of the oxygon absorbed in a combined form must be liberated and 
evolved by the plant. In contradistinction to this process — which 
is effected exclusively in the cells containing chlorophyll and under 
the inSuence of light — all living parts of a plant, at all times, tako 
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up oxygen Eroin the atmosphere tmd give off carbonic acid. This 
process is Scapiralion, which mnat be clearly nnderBUiod to be quite 
distinct from the process of the formation 
of starch. The fact that preen plants de- 
compose carbonic acid in the one process, 
and forrn carbonic acid in the other, and 
continne at the same time to increase in 
■weight and to accnmnlate carbon-com- 
pounds, can be simply explained thna- — that 
the respiration of these plants is naaally 
feeble, while the formation of starch under 
favourable circnmstances is extremely 
active. If these plants be kept in the 
dM-k, they cannot form starch, and they 
miut necessarily lose weight and at length 
perish. The more vigorons growth ie, the 
e vigorous is respiration. It is abso- 
Intely indispensable to the life of the plant; 
in an atmosphere deprived of oxygen all 
the vital processes are suspended, the 
movements of the protoplasm ceaae, the 
irritability of sensitive leaves disajipears, 
as in Mimosa, Oxalis (see § 50), and at 
it umpennin last the death of the plant takes place. 
1 opening flowem or Bsr- By respiration force is obtained, and new 
iDfiuttiiig iHiila. TliBHediuo , ' , . , 

temped u cioHiy u pcuibie ta chemical processes are mitiated. 
tbs fnnnol t whiob U inwned ^ jn ^11 other processes of oxidation, 

MiDine r"»lniion' of eai^o ^'^^'- ^ ^* ^^ bj respiration in plants ; 

pntwh. Thii abmrba the cm. but as Other conditions lead to rapid cool- 

C'^tw'h^ie'^^c;3'Z '"?' °" "^^^ "^ ^^^ temperature is usually 

K glue THKt, »D<i ■ dsticsM obseFvable as the reEnlt. A rise of tem- 

I^T^w'^rt^'^ri^ iwratnre is perceptible in special cases 

th* monih. Tb« bnib of tbs only, in which respiration is very active, 

ibtriDiimeur b pioDged in m,|j j^ ^hjch the conditions are nnfavonr- 

amoDBtbaHHli. Tbctompen. ,, , ., ,. , , • ,- 

tan In tbb •ppuuu will be ""'^ "^ rapid coolmg, as m the germination 
hish«Ui«iiDwiauiBr«mneid (,f seeds which lie very closely together, 
ud In wbich the rxircion. ol ^■?' "^^ ^"^^ "' barley m the process of 
til* ptontmn npiuadiv eonpi malting; this consists in causing the barley 
*'**'■ ' to germinate by moistnro and warmth, §o 

that the starch which the soeda contain may bo converted into 
sugar ; during this process a perceptible rise of tcmpcratoro occurs. 
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Dnring tie blossoming of many infloresencea, as, for instance, oE 
Aroida, d rise of temperatnre amoTUiting to 4°, 5'^, or even 10° above 
that of the air lias been observed. Bj means of snitable apparatna 
(see Fig. 68) a similar rise of temperature may be detected in 
other plants, even with quite snuill flowers, as well as dnrisg the 
germination of seeds. 

Finally, in the few cases in which I'll ofphores fence has been proved 
to occur in living plants, as in various Fungi, e.^., Agarieiis olearius; 
this phenomenon is intimately connected with the taking np of 
ox3'gen ; the Fangns is luminous only so long as it lives and is sur- 
rounded by an atmosphere containing oxygen. The old statements 
ns to the phosphorescence o£ certain Bowers have not been con- 
firmed. 
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CUAPTEU II. 
THE MOVEMENT OF WATER AND OF GASES IN PLANTS. 

§ 3!). The Slow Movement of Water In the Processes 
of Growth and of Nutrition. A potato-tuber, even if kept 
quite dry, will sprout nnder the inflnencc of a sufficiently high tem- 
pei-fttnre, and in proportion to the giMwtb of the shoots the tuber 
will become flaccid and wither, beginning at the more remote parts, 
in consequence of loss of water. This water is not only of nso in 
that it dissolves nutrient substances and thus renders possible their 
transport to the apex of the growing shoot, bnt it is itself of use 
in the process of growth ; for not only are solid particles of cellulose 
deposited In the growing cell-walls, bnt also a certain quantity of 
water; and moreover, the vacuole of the growing cell containing 
cell-sap also increases in size. The water which is indispensable for 
these purposes is gradually absorbed from the more remote portions 
of the tuber. As a consequence, if the tuber be kept dry, it will 
gradually become flaccid and withered ; but if it lies in damp earth, 
it takes up water from the soil, and thus water is conveyed with 
the nutrient materials to the growing parts. Water is similarly 
conveyed to the developing buds of trees, to the growing-points of 
seedlings, and generally to all growing parts of plants, from the 
nearer parts in the first instance, then from the more distant, and 
finally from the external medium. This water travels slowly from 
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cell to cell ; as the eqnilibrinm lietween the individnal cells ia de- 
Btroyed hy the consnmption of wator in the growing cells, the wat«r 
from the more distant portions of the tissuo is absorbed to restore it. 

§ 40. Transpiration. Every part of a. plant which is exposed 
to the air and which is not covered by a layer of cork or of 
cuticle, ia constantly losing water by evaporation into the atmo- 
Bpherc. If a stem bearing leaves be placed tindor a bell-jar at a 
sufficiently high temperature, the glass will be soon covered with 
di-ops of water, in consequence of the condensation of the vapour 
given off by the plant. Transpiration is naturally the more ener- 
getic the higher the temperatnre and the drier the surrounding air. 
This loss of water is compensated by the absorption of water from 
the soil by the roots and its conveyance to the transpiring organs of 
the plant. On particularly hot days it sometimes liappena that the 
leaves of trees and herbaceous plants lose more water than their 
roots can replace, and they di-oop and wither. This drooping 
occni« conspicttously in parts of plants which have been cut off. 
The transpiration varies in quantity according to the special 
organisation of the plant and of its separate parts. The st^ms of 
most woody plants and trees are almost entirely prevented from 
transpiring by thick layers of cork, and transpiration is small in 
such stems and leaves as are covered with a thick cuticle, as the 
leaves of Agave, the stems of Cactus, and similar plants ; these 
when cut off wither slowly, and they can thrive in a very dry soil. 
Tender leaves, on the contrary, in which the cuticle is but slightly 
developed, as tliose of Tobacco and Pnmpkin, wither as soon aa 
they are removed from the plant,, or if the soil becomes too dry. 

The stomata affect the trans [liratien of the plant inasmneh as 
they are the external openings of the intercellular spaces into whieli 
transpiration takes place from the neighbouring cells, and from 
which the wat«ry vapour escapes into the external air. 

§ 41. The Movement of Water through the Wood. 
The water given off by transpiration is conveyed to the transpiring 
organs from the roots through the wood (xj-lem). If a ring of 
oortex l>e cut away from a tree so that all conduction through the 
Cortes is interrupted, the leaves will not wither so long a« the wood 
is uninjured ; water is still conveyed through it to them. If a cut 
branch be placed in a solution of some colon ring- matter such as 
the colouring- mat tor rises through the woo<l with the water. 
That the Unified cells of the zylem serve for the conduction of 
water b also contirmed by the fact that sabmerged water-ptauti 
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wliich can have no trnnspiration have no lignified elements i 
tlieir xylem. In the anminer, at the very time when transpiration 
is most active, the wood-colls contain air; hence the water mn)it 
travel, not throng;h the cavities of the cells, bnt in the cell-walls. 
The cnt Htema of many plants which are actively transpiring vrither 
■very rapidly, and when placed in water take it np only very 
slowly ; this arises from the circumBtanco that section in air dimi- 
nishes the conducting capacity of the cnt surface : if a portion ba 
cut oft from snch a stem under water, wat-er is immediately con- 
veyed upward, and the upper portion recovers Jta turg'idity. If 
water be forced into the st«m, the same effect is produced. 

The water which rises through the wood-cells to supply the ] 
place of that which ia lost by transpivation, is taken np by the 
roots i hence the compensation depends on their activity ; if thci 
activity be in any way impaired — for instance, if the soil be too 
mnch cooled — absorption is diminished and the plant withers : 
again, a plant when newly transplanted droops for a time, because 
the roots are incapable of taking np the requisite amount of water, 
until a new growth of hairs enables them to become closely at- 
tached to the particles of the soil. 

Leaves and atema are not capable of absorbing watery vaponr 
fiwrn a moist atmosphere, or water when ponred over them, to any 
considerable extent. It is, however, very evident that drooping 
plants recover their tni^idity when they are wetted by dew or rain, 
or if the air bo moist. This is the result partly of an increased 
supply of water derived from the moistened earth, and partly of a 
diminished transpiration in consoqnence of the dampness of the 
atmosphere. 

§ 42. The Root-pressure. It ia an old observation that 
Vinos when pruned bleed, as it is called, in the spring — that is, that 
water escapes from the cat surfaces ; closer investigation has shown 
that this water exudes from the openings of the large vessels. 
A similar bleeding may be observed in several trees, as the Birch 
and Maple, as well aa in all woody ahmba which are growing vigor- 
oaaly and which are provided with a well -developed root-system. 
If the stem of a Sunflower or of a Tobacco plant be cut off a few 
centimetres above the ground, and if evaporation from the cut 
sarface be prevented, an out-fiow of sap will begin after a time, 
which may continue for several days. This water is absorbed from 
the soil and forced up into the plant by the roots often with a force 
capable of supporting a column of incrcnry of considerable height. 
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This root-presBnre sometimes gires rise to tbe exudation of drops of 
water from different parts of planta, for instance, from the tips of 
the leaves of many Aroida, and from the teeth of the leaves of 
Atohemitla vulgaris; in the latter instance it may be observed on 
almost any Bnmmor moming, and it ia nsnally mistaken for dew. 
In a dry atmosphere the formation of drops is prevented becanBe 
the water forced np from the roota is at once evaporated. 

In herbaceous plants the water forced np from the root-s contains 
only a few salts in solution; in the Vine and some trees it nsually 
holds various organic substaaces, and particularly angar, in solu- 

This movement of water, effected by tho root- pressure, is particu- 
larly conapicnooa in the spring, and generally at the period of most 
vigoroUB growth. In plants which have been trauspiring vigor- 
ously no water exudes from tho cut surface in connection with the 
rout when the stem is cnt through, until after a certain lapse of 
time, when the roots have taken up a fresh supply of water. ThiK 
proves, in the firafc place, that there is no root-pressore in plants 
which are actively transpiring, and consequently that the root- 
pressure does not supply the water lost by transpiration. 

A brief consideration of the phenomena which have been do- 
Bcribcd will show that there are three distinct modes iu which 
water moves in the living plant ; of these, two are effected by a 
Bort of suction proceeding fi-om the spot where tho water is being 
used, namely : (it) the slow movement of the water in the processes 
of growth, and (b) the passage of water through the wood to 
compensate for the loss by tronftpiratiou. The third motion (c) is 
canaed by pressure from the roots upwards, independently of any 
consumption. It must, however, bo assumed that absorption in 
Oonstantly going on at tbe surface of tho root-s, and that the internal 
tisanes aro so arranged that tlie water which is absorbed can be 
fonsed upwards. 

la winter, the wood-cclla contain water together with larger or 
Bm&ller bubbles of air ; hence it happens that if a hole bo bored 
into a tree in winter, when the tempcrnturo ia rising, tlie water ia 
drivou out by tlio sudden expansion of these air bubbles ; if, on tho 
other hand, the temperature is failing, their conti-actiou causes an 
abtrorption of water. 

§ Vi. The Movement of Gases in Plants. Wo have sevn 
that every living vegetabte ocll takes np oxygen, and that the colls 
which contain chlorophyll coasutnc carbonic acid. Now these gaueti, 
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in order to reach the interior of the cells, mnst penetrate the c 
walls, and this ib effected by diffnsion ; they ai'e dissolved by the 
water whieh satnrateB the cell-wails, and are conveyed hy it to the 
point where they are to be conBumed. lo like manner the cells 
loao by diflusion the gases evolved within them ; oxygen as a pro- 
duet of the decomposition of carbonic acid, carboiuc acid as a 
product of respiration. 

Not oniy do gasea thns circulate by diffaHJon, but they also move 
freely in the air-paasapes which usually occur in the tissues of 
plants, such as the interceUalar spaces, the vessels (at any rate in 
Bummer), and the cavities formed by ruptnre, as in the stems of 
GxasaeH, Umbellifewe, etc. These all communicate with each other 
and, in terrestrial plants, with the outer air hy means of the 
Btomata. If air be foreed into a leaf which has a large numbei- of 
stomata — for instance, by placing the blade of the leaf in the month 
and closing the lips tightly ronnd the petiole — bubbles of air will bo 
seen to escape frouk the cut surface of the petiole, if it be placed in 
water, which come out of the openiogs of the vessels. The converse 
of this experiment is not equally snccessfitl, because the stomata of 
the leaf when immersed become closed by wat«r held by capillary 
attraction. 

A constant interchange is always going on by diffusion between 
the air contained in these spaces and the contents of the cells ; the 
composition of the air is thus continually changing, and currents are 
set up between it and the outer air. This movement of the air in 
the internal cavities is promoted by the swaying of the plant under 
the influence of the wind, as well aa by variations of temperature. 

Submerged water-plants have very large cavities filled with air, 
which do not conunnnicate with the atmosphere by stomata ; an in- 
terchange of gascB cannot take place directly between the individual 
cells and the atmosphere, but it takes place partly between the cells 
and the surrounding water which holds gases in solution, and partly 
between them and the air contained in the air-chambers. The gases 
frequently collect in these chambers in such volumes as to set Qp a 
presBure snfiiciently great to rupture the surrounding tissues. 
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§ 44. The Process of Growth. Plants and their organs 
grow, that is, they increaRe in bnlk and at the sanie tiniG aller in 
form ; these changes, which are permanent, arc brought about by 
internal processes, A portion of a plant which has become withered 
mcreafies in votnine when placed in water, bat this is not growth; 
for if water be again removed from it, it returns to its former 
dimensions, and evidently no permanent change had been effected. 
Bat the case is qnite different with a ripe seed ; if it bo supplied 
with water it will germinate, that is, the embryo contained within 
it will begin to grow, and will escape from it. In this case perma- 
nent changes have taken place, and consequently no removal of water 
will restore the seed to its former condition. 

The most important of the infernal processes which directly cause 
these permanent changes is lis intercalation of new particles of 
solid matter as well as of water in the growing cell-walls, by the 
activity of the protoplasm. 

The presence of plastic material is an indispensable condition of 
growth, but this does not necessarily imply that the nutrition of a 
growing plant depends upon the simultaneous absorption of 
nutritions matters from without ; on the contrary, the young grow- 
ing parts of a plant are osually supplied with plastic material from 
the older parts which have ceased to grow. These older parts may 
be reservoirs of nutriment, as the tnbers of the Potato, or they may 
bo factories of nutriment, as the leaves in annual plants eg., the 
Tobacco ; here the full-grown lenves form starch, and the st«m and 
yonng leaves grow at the expense of the plastic material thus 
du bora ted. 

A second indispensable condition is the presence of water. This 
is required not merely to enter into the formation of the cell-wall 
ftud to convey the plastic materials, but to maintain the cells in a 
state of Turgidily, without which growth la impossible. The tui^d 
condition is brought about by the endosmotic absorption of so much 
water that the elastic cell-wall is rendered tense by Uie hydrostatic 
pressure. As a consequence, the solid particles composing it are 
forced an far as possible apart from each other, the intermediate 
fluid areafi are enlai^^, and the intcrculation of additional solid 
particles is rendered possible. 
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§ 45. The Growth in Length of Stems, Leaves, and 

Roots. Growth is brought aboat by intflrual canses ; there are 
p;irta of plants which, when they have attained a certain size and 
Rhape, are incapable of any farther growth ; others, as the nodes of 
Grass-etema, may begin to grow again nnder certain circmnBtances. 
Growth is influenced by external conditions, such as moisture, 
warmth, light, and gravitation. It will be advantagcoufl to study, 
in the firat place, the conrse of growth when it is not affected by 
these external influences. Of this, the roots oSer the simplest ex- 
amples. In a growing root three regions may be distinguished : 

I. The growintj-poinl, where new cells are being formed in great 
nnmbors from the primary tissue (tneriitem) by repeated division, 
but where no considerable increase of their size takes place. 

II. The elongating portion, that is to say, the part in which 
Sfrowth, chiefly in length, is taking place ; in this region the cells 
are increasing considerably in size, and cell-division oconrs only in 
relatively small proportion. 

HI. The fully-developed portion^ in which various modifications of 
the cells take place, but no further gi'owth. 

Stems which attain a conaiilerablo length grow much in the somo 
way as roots ; in them also, aa in roots, a mass of cells is formed by 
division at the apex, which uadet^o elongation at a lower level, and 
at a still lower cease to grow altogether. When, however, a stem 
possesses clearly defined internodes (see § 2), a further complication 
takes place, for within each intemode similar stages of growth 
are exhibited; moreover, the nodes cease to lengthen at an early 
stage, whereas the int«mode3 continue to grow for some time. 

Most leaves consist at first of primary tissne, the cells of which 
ai'o nndergoing division ; they attain their full development in 
iliilerent ways, bot in all cases no part of the piimary tissne re- 
mains as a growing.point so aa to provide for continued growth. 
These three st^ea, the preparatory, the growing, and the final, are 
successively gone through by each individual cell. So soon as it 
has been formed from the primary tissne, it begins to elongate in 
order to attain its definitive length. It grows at first slowly, but 
the rapidity of its growth gradually increases nutn at a certain 
period the raaximnm is reached ; it then gradually diminishes, and 
the cell finally ceases to grow. This periodicity of growth is co- 
incident in all the cells which lie at the same level, so that in a 
growing part of a plant there is a certain zone where growth is 
most vigorous, and on each side of it; the rapidity diminishes. 
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Every part of a jilant exkibits a graiui period in the rapidity 
of its growth: it begins to grow slowly; at a certain time it 
grows with, a maximum rapidity; after tliia 
the rapidity of growth gradnaUy diminishes 
nntil the whole organ is fnlly developed. 
Apart from the increase ant! diminution in 
the rapidity of growth, the time must be 
taken into account during which an oi^an 
can continue to grow, as well as its capability 
of attaining a certain length. For instance, 
it is easy to observe that the lower intemodes 
, of most steins remain short ; that those above 
1 them are longer ; that those of a certain part 
of the stem are the longest ; and that the 
■ npper ones again are short. In the saniowny 
in mpidit, or growth m» jj,^ ^j^^^ „£ j,,^ ^^^^^ attached to these various 

perctfpubla: the upi^noutt 

iin« hBTo Eol been wpo- part* of tho stem increases from below to 

nua: the root hM niiHd ^bout the middle, and then diminishes. 

to grow har*. Tlie lowest _., _ . e f\ ■ 

iikenba are itiii oioMioao- § *»■ The Properties of Growing 
Mior. Aitho BTowtng-poini Rarts. If a stom whlch has ceased to grow 
begnn to the inMrmediltB ^ '^ lower portion, bnt which is still grow- 
■DDDiheoioDgKionhubMii ing at its opper part, be strongly bent, on 
TBfy groM. being released the fully-grown portion will 

resume its original position, whereas the growing part will retain 
the carvatnre given to it. From this it ajipears that the growing 
parts of a plant are highly flexible bnt imperfectly elastic. This 
explains the following experiment : if a sharp blow be given to the 
lower rigid port of a growing shoot of the Meadow Thistle (Carduun 
prattagit), for inatanoe, or to a strong shout of the Raspberry, the 
npper growing portion becomes sharply curved j this curvature 
persists after tho shoot has como te rest. In anch away that thtt 
apex is inclined towards the side from which the blow came. 

If a growing iut«mode be divided longitudinally down the middle, 
the two halves separate widely; tJiis is dne to the fact that the pith 
tends to elongat« more than tho other tissues, and is prevented from 
doing so by them; as tar as their extensibility allows, those tissues 
are stretched, and in this way tensions are set up. If the various 
tissnes be completely separated from each other with a sharp knife, 
each wUl acquire a dilferent length ; the pith becomes longer thui 
the interaode originally was; the outer tissues retnin the samo 
length or shorten, in which case tJhe «pidormiH contracija the most. 



I 

L 



8471 CHAPitii III liRowin. 91 

§ 47. The Influence of External Conditions on Growth , 
in Length. The most important of these ia MoUtitre. If the cells 1 
of an oi'gan be not tensely filled with water (turgid), that orgaa ' 
will not grow at all. 

With regurd to the dependence of growth npon Temperaliirf, it is 
to be observed that the more favonrable the tcmperatTire the more 
rapid ia the growth. In genera!, the account given in § 51 of the 
relations existing between temperature and the vital functions of 
the plant holds good with reference to growth. 

Light eiercisee a retarding inflnence on growth. It is an old 
observation that those stems which develop in the dark — -for in- 
stance, potato-shoots in a cellar — grow to a mnch greatei' leng'th, 
that is, tiiey have mnch longer interaodes, than those which grow 
nonnally in the light. Plants which have grown in darkness, and 
which are therefore abnormal in form, are said to be etiolated. Their 
intemodea are very long, their leaves are not green bnt yellow, and 
nsnally mach smaller than the norm al leaves ; this is dae to a morbid 
condition induced by the absence of light. Cor the presence of light is 
an essential condition for the performance of certain important func- 
tions. The retarding action of light on growth also canses the 
carvaturo of stems which have been illnminated ou one side only 
daring their growth, as, for instance, in the case of plants grown in 
a window. The feebler the light to which it is exposed, the longer 
will an intemode become; bo, when the light comea from one side 
only, the side of the stem most remote from the source of light is 
more feebly illuminated, and conHequently grows longer than that 
which is nearer to the source of light ; aa a necessary consequence, 
tho stem will curve in such a way that the concavity is directed 
towards the source of light. This property, which is exhibited by 
most organs, is known as poeilive heliotri/))ism. Petioles are always 
positively heliotropio, and when illuminated from one side only, 
they curve in such a manner that the upper snrface of the lamina 
is always turned towards the light ; in this process, however, other 
properties also take part. In contrast to positive heliotropism, a 
negative heVmtropism is exhibited by a few vegetable organs — e.g 
the older internodes of the stem of Ivy and many roots — whic 
curve away from the source of light in consequence of the more 
vifcorous growth of tho more strongly illuminated side. The nature 
of heliotropism is not yet perfectly known. 

Qraviliitiiin also influences growth : it is manifest that most stems 
and trees grow straight up from the earth's surface at all parts of 
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the globe, in the direotion of a prolonged radias of the sphere ; in 
the same ■way roots, and particiilarly primary roots, grow straight 
downwards, and branches and leaves grow ontwarda at certain 
anfr'es. If a growintr stem be placed in a horizontal position, the 
growing portion curves (Fig. 70 e) so that its npper aiu-face be- 

eonvex, and it is said to 
be negatively geotropio ; con- 
aeqnently the free end is di- 
rected npwardfl and continues 
to grow in a Tertical diroc- 
tion. In the aaiae way the 
[jT^wing end of a root laid 
wedltne 01 Om Pen pluod horiiontally i iba horiiontally cnrves down- 
•UrkuobuiDBiho-.thaorlgiiialUDtorgrDWIl.; ^^rdfl (FlB. 70 w) ; it is 
• »l«Qi Hhieh hrw cnrrod Bpirtfdi (negmtlregBO- , . . , 

trapum): - U» root oliloh bu oarrsd Sown- Uiorofore potiUvely geotropia. 
trardi[p«iUvBg»inpUiD]. ]f by tneans of appropriate 

apparatus germinating seeds be cansed te rotate round a centre 
in a vortical plane (Knight's machine), the roots obey the 
centrifugal foree, aa they do gravitation under ordinary circnm- 
stances, and grow away from the centre in the radial direction; 
while the etema, on the contrary, grow towards the centre, in 
opposition to the centrifugal force. That the force which de- 
tflrmines the direction of growth of parts of plants nnder ordinary 
circnmstancea is in fact gravitation, is not only indicated by the 
coincidence of the direction of the growth of the axes of plants 
with the mdins of the earth at all points of its snrface, but it can 
also be proved by direct experim.ent. Thus if plants are withdrawn 
from the influence of gravitation by being made tO' rotate slowly, 
no that at every moment the force of gravitation is acting ujwn 
them in a new direction, the effects produced by the action of 
gravitation in successive periods of time neutralise each other, the 
plants — roots and stems alike — will grow in indeterminate direc- 

§ 48, Bilateral Structure of Plants. Many plants are so 

organinvl that their different sarfaces do not grow etjaally; thus 
young leaves the nnder snrfao* at first grows more vigorously 
than the upper {hiiponailij), so that they lie folded over the end of 
the stem, and their subsequent unfolding is occasioned by a more 
growth of the upper surface (^epina«ti/). This aneqnal 
growth depends wholly on internal causes ttud not on external 
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iuflaences, TJHnally these phenomena are exliibited by two anr- 
faces, and such portions of a plant are eaid to be bilateral. Hut 
there are also parts of plants which become bilateral under the 
action of external influencoB; organs, that is, the surfaces of which 
grow unequally because they are not equally sensitive to the actioa 
of these external influences. 

Tlie eo-operatiou of the internal cauBea, that is, the tendency 
towards a bilateral strnctore, with external influences Buch as light 
and gravitation, gives rise to the varieties of position which the parts 
of plants assamo in nature, particalarlj tho horizontal op oblique 
direction of steins, branches, leaves, lateral roots, and so on. 

It is by unequal growth that those movements are prodaced 
which are expressed by the word Ntttation. If the movement tabes 
place only from behind forwards, or from right to left, in con- 
sequence of the alternately more vigorous growth of the posterior 
or right side and of the anterior or left side, the nutation is eitnple ; 
but if it occurs in every direction, in consequence of the mora 
vigorona growth of each side in succession, the nutation is said to 

Revolving nutation ia very conspicuously exhibited by climbing 
plants, e.g., the Hop, Bean, Bind-weed, etc. (v. Pig. 15 B). So 
long as the growing end of such a stem does not come into contact 
with a support, tho revolving nutation carries it round in a circle. 
If in the course of its nutation the anterior surface of the stem 
comes into contact with a support which is not too thick, the 
movement of nutation is altered in such a way that the apex 
of the stem, as it grows, will describe an ascending spiral around 
the prop as its asis ; then the turns of the spiral become steeper 
and narrower, and cling tightly to tho support. Moat climbing 
plants twine to the left, that is to say, the spiral ascends from 
left to right ; only a. few, as the Hop, twine to the right. 

In climbing stems it is immaterial which surface comes into 
contact with the support : in this respect they differ from Tendrils, 
of which usually one aide, and that the under side, is capable of be- 
coming concave as the result of contact with a support. They curve 
in consequence of tho contact, which acts upon them as a stimnlna. 
As a result of the carvature thus induced, fre.sh portions of the 
under surface are brought into contact with tho support, and the 
curvature continues until at last the whole free portion of the 
tendril is wound round it. The stimulation which is effected by 
the pressure ia propagated through the portion lying between tho 
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support and the base of the tendril : this portion then contracts 
ftnd nesumcB the form of a cork-eerew, thne drawing the st«ni close 
up to the snpport (Fig. 15 A «). These cnrvattires of climbing 
pliints and of twining' tendrils are accompanied by torsion, that 18, 
by a twisting of the oi^an rotmd its own axis of growth. Torsion 
may he produced in vwions parte of plants, partly by eitemal and 
partly by internal causes ; thua, to give one of numerous instances, 
horiajntal or oblique branches with opposite decnssatt leaves mny 
be found in which the leaves appear to be arranged in two rows 
only in consequence of the torsion whieL the internodes between 
tte pairs of leaves have undergoae. 

The alternate opening and dosi/nj of many flowers, such as the 
CrocTis, is likewise an effect of bilateral structure. The lower 
parta of the petals arc still in a growing condition and are highly 
sensitiye to changes of light and of temperatnre, bo that when tlio 
temperature is rising and the light increasing, the inner side grows 
the faster and the flower opens ; as the temperature and light 
diminish, the outer side grows the faster and the flower closes. 

§ 49. Growth in Thickness of Woody Plants. The 
processes o( growth in the cambium which lead to itn increase in 
size of the wood and of the bast (§ 26) are subject, like those of 
growth in length, to certain specific internal laws. Thus in the 
Yew, for instance, very small annual rings are formed ; ita growth 
in thickness is very small in comparison with that of Willows, 
Poplars, Elms, etc. Again, the first annual rings of a young tree 
ore much narrower than those subsequently formed. 

Growth in thickness is very obviously dependent upon the 
quantity and distribution of the nutrient eabstanccB formed in 
the leaves. If a tree loses many of its leaves — as, for instance, 
when attacked by locusts — the formation of now wood is con- 
siderably diminished. The extent of the formation of new wood 
is not to bo measured by the width of the annual ring, but by its 
cubic content ; for it is clear that the same amount of material 
will give rise to rings, the width of which will vary with the 
diameter of the wood already in eiistenco. Trees which bear 
branches and foliage down to the gronnd naturally have a lai'ger 
■npply of material for the formation of new wood in their lower 
than in their upper parts, and, as a consequence, the increnEe in 
nxo and the hrcailth of the ringn ot wood are greatest below, so 
thkt the stem has & dietinctly conical form. On tlio other hand, 
thoM tiCM which bear 4 orown of Icave« at Uie apex of a long 
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huve Btem, even on the asaumption that the material is equally 
distribnted and that the growth in thicknosB is consequently nni- 
fonn thronghont, exhibit wider rings in their upper than in their 
lower part : the form of their Btems is nearly cylindrical. 

The pressure exercised by the cortex, rendered tense by the 
growth in diameter of the wood, has an important influence upon 
growth in thickness. When this pressure is great, the increase of 
the wood is less than when the pressure is small. This explains 
the increase in thickness exliibited by trees when planted out, 
before any important extension of the foliage can have taken place. 
The cortex, which had hitherto been in moist air in a confined 
space, is now exposed to the san and to dry air; it becomes brittle, 
and therefore can exert only a slight pressni-e. The pressure of 
the cortes has been shown experimentally to be the canse of the 
formation of spring- and autnmu-wood. In consequence of the 
growth of the wood during the summer the pressure of the cortex 
becomes considerable, and, as the resolt, a smaller number of vessels 
are formed in the wood, and the external layers of wood-cells 
become flattened. In the spring the pressure diminishes in con- 
sequence of the rupture ot the cortex, which has become dry 
during the winter, by the wood which absorbs considerable 
quantities of water and therefore swells. That roost trees cease 
to grow in thickness about the middle of August is to be attributed 
to the fact that the pressure of the cortex attains its maxdmnm at 
that time. With reference to the relation existing between growth 
in thickness and temperature, it may be mentioned that the cam- 
bium of roots which have penetrated to some depth into the Boil 
is active even in winter. 
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CHAPTER rV. 
THE IRBITABILITY OF MATDRB ORGANS. 



§ 50. The curvatures and movements wiiich have hitherto 
been considered are only manifest«d so long as the organs in 
which they occur continne to grow. But there are many organs, 
particularly leaves, in different plants, which perform movements 
even after they are fully grown. The internal processes which 
produce them are highly complicated; they essentially depend 
Qpon an expulsion of water, in consequence of stimulation, from 
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the cells of ono side of a particular part of the petiole which is 
tie actual motile organ. 

The fuU-grown leavea of many plants change their position morn- 
ing and evening, bo that a dinmal and a nocturnal position may be 
readily diatinguiBhed. In the nocturnal position the leaves are 
nsnally drawn together ; in the day position, on the contrary, they 
are widely expanded. These movements are best known in the 
caae of the Sensitive Plant {Mimoea piidica) ; the pinnic of the 
leaves of tliia plant fold together upwards in the evening, whilst the 
leaf-stolk bends downwards. The motile organ is the pnlvinns 
which lies at the base of the raclds and of each petiolnle. Similar 
phenomena may be observed In many other leguminous plants, sneh 
as the false Acacias and the Bean. The leaflets of the Wood-sorrel 
(Oj-alis Acetotetla) fall 
downwards in the evening 
and expand again in the 
morning (Fig. 71). and 
those of other plants behave 
in a similar manner. 

This periodicity is deter- 
mined by variations in the 
intensity of light and by 
,v?',";r'rf'"*^'i'',^^V?,';J^""'^' changes of temperature. An 
M Hfht anglM BiiBg lu midrib, ud ii bIh beot increase in the intensity of 
dom-«Ji. iijjht and a rise of temper- 

ature effects the assumption of the diurnal position, and rice v'.ria. 

These leaves posecss also a periodic motion, effected by internal 
causes, which only becomes evident when the plants are kept for 
some time in continuous darkness: it is then seen that tho leaves are 
in constant though not very vigorous movement. It appcam, there- 
fore, that exposure to light tends to arrest the spontaneous move- 
ments, and to cause the leaves to take up the diurnal position. 
This is known as the paratonic action of light. In some few planU 
these proper periodical movements, dne to internal causes, are ex- 
hibited under ordinary conditions if only the temperature is high 
enongh. Tho lateral leaflets of tho leaves of Eedytiarum (Desmo- 
dinin) gyrane, for instance (a papilionaceous plant from tho East 
Indies), constantly perform circular movements which are repeated 
io from two to five minutes. 

Among tho leaves which exhibit periodic movements there are a, 
taw which possess this peculiarity, that contact with a foreign body 
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canses them to pass from the diurnal to the noctnmal positio: 
is partioalarlj conspicnoaa in the leavea of Mimosa jmdica. 

The stamens of manj flowers, e.g., of Berberis and Centanrea, are 
aenaitive only to contact; those of Berberis when at reat are ex- 
tended widely apart ; if they are touched on their inner surfaces 
they bend concavely inwards so as to approach the stigma : those 
of Centanrea contract when tonched, and thereby agitate the whole 
inflorescence, for they are inserted npon the tnbnlar corolla. The 
florets are closely aggregated in the capitnlum, and, if the hand 
is lightly passed over it, an active tremulons movement of all the 
florets occurs. 

The hair-liko appendages (tentacles) of the leaf of Dro.sera (Fig. 
72 A), each of 
which boars an 
apical gland, cnrye i 
inwards when a 
foreign body 
tenches the glands, 

moistened with a 
nitrogenous flnid, 
in snch a vray that 
the apical glands 
are collected to- 
gether at the centre , , , 

c 1. I » Ti i_- *■'*■ "-—Lear of DrM.ra nlmdi/iilia. A Eipundcd. i Iho 

of the leaf. Uythia umaclDBot thecdt-a oC tboleafi m tbCBtootl^-BUlkiid glsudi 

means small inaecta m th« middls. U All iho loniMiei haio ben» towanta tha 

, . , , , middle ftt the touch it oh lofDcL, i. 

which have been 

canght by the viscid secretion of the glands are conveyed to the 
middle of the leaf, and are there brought into contact with as 
many of the glands oa possible; their secretion dissolves all the 
nitrogenous constituents of the insect, and these are absorbed into 
the plant. Other camivorons plants have still more complicated 
motile mechanisms for the same purpose. 

In order that movements of the leaves may take place, the plant 
must possess a certain degree of irritability. Long-continned ex- 
posure to darkness, or to too high or too low a tcmperatnre, or the 
action of chemical or electrical stimnb', induces a condition of 
rigidity : when this is the case, no stimulus will produce any mov^ 
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5 

THE OENESAL CONDITIONS OF PLANT-LIFE. , ^ 

§ 51. Temperature. As, with a few exceptions, the evolntion 
of heat within tho plant itself is extremely slight, ita temperature 
depends almost entirely npon that of the Bnrronnding medium: 
equiiihriom is sot up between it and the plant partly by conduction 
and partly by radiation. Since plants are bad conduciora of beat 
— that is to eay, they undergo changes of temperatiire very Hlowly 
— when the changes iu the temperature of the air are rapid and 
extreme, the temperature of a plant ia freqaently different from, 
that of the air, either higher or lower ; bnt when the changes are 
rIow, aa is the case when the surronnding medium is water or earth, 
the temperatnre of tho plant is -very nearly the same a« that of tho 
modinm. As regards radiation, it is an important cause of changes 
of tho temperature of plants, particularly of leaves. Wlien the sky 
is clear, tbcso organs become much colder than the earrounding air, 
particularly at night, in consequence of radiation, and it ia on this 
fact that the formation of dow and hoar-frost depends. A further 
cause of the cooling of those parts of plants which have a consider- 
able extent of surface exposed to the air, b evaporation, which 
operates chiefly by day, and tends to reduce the temporataro of tho 
leaves below that of the surronnding air. 

Every process going on within, a plant ia connected with a certain 
range of temperature, that is to Bay, there is a certain minimum de- 
aree and a certain maiiraum degree of temperature, below or above 
which the process in question cannot take place. This obtains for 
growth, for the formation of starch, for tho movcmentB of protoplasm, 
for the activity of the roots, and so forth. Between these limits— 
the maximum and minimum — there is for every function an optimum 
lemperaiure, different for every plant, at which that function is per- 
formed with the greatest activity. Thus, when the temperature is 
rising to the optimam, at every degree it is more favourable; if it 
rises beyond the optimum towards tho maximnm, at every degree it 
becomes loss favourable to the performance of any particular function. 

It may be generally assumed that all the vital processes of our 
indigenous plants begin at a certain number of degrees ttbove 
freoxing-poiut ; that up to 25' or 30° C. they incroaiie in intensity 
and roach their optimum at about 30°! that their activity diminishes 
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from 30° to 45°, and that they wholly oease at ahont 50°. In planta 
of warmer climatoa the lower limit is considerably higher; thus a 
Qonvd seed will not germinate at a temperature below 13° C. 

Death, cansed by exposnre to too tigh a temperatnre, is afEected 
by the presence of water; thus, while dry peas lose their germinating 
power only after eipoaure for an hour to a temperatnre of over 70' 
C, they are killed at a temperature of 54° if they are eatnrated 
with water. Most partfl of plants will not bear a higher tflmporatore 
than about 50° C. in air or 45° C. in water for any length of time. 

The freezing of plants, that is, their injury or death by cold, only 
occurs if the temperatnre of the plant falls Boms degrees (in some 
caaes even many degrees) below the freezing-point, and if at the 
same time the plant is in a condition to become frozen. Many planta 
are not killed by frost, such as Lichens and many Mosses and 
Fungi ; just those plants which can also bear drying np without 
Bufiering any damage. The dry parts of plants in general, most 
seeds, for instance, and the winter-buds of trees, are not at all sen- 
sitive to cold, whereas, if they contain a considerable quantity of 
water, as is the case when bnds are in pi-ocess of development and 
in anccnlent part-s of plants, they freeze 
very readily. If an organ containing 
mnch water he exposed to cold, a cer- 
tain quantity of water, proportionate 
to the depression of the tempei'ature, 
escapes from the cells and freezes on 
their surfaces, and the tissues contract 
in proportion ; the water does not freeze 
inside the cells. The frozen water 
forms an incrustation upon the cells (K ^^^ 
Fig. 73)of distinct crystalslyingparatlel froiei 

to each other consistingof almost pnre 'i,y^"|^"'^"h^ch"^ie^hB't™i»v™ 
ice, for the substances held in eolntion KcUomof thp flbro-vMcuiw imnoie* 
by the water are retained by the re- ,'l^"Kr''oMiMr'*of "i.n'""''''roBd"d 
maining cell-sap, which becomes there- prianiB {tho cuviiic* of iho mpiorBd 
fore more concentrated. It is certain tissue a™ leti black m the flgure). 
that a great many plants are not injured by this formation of ice 
in itself, for, if the thaw is slow, the colla reabsorb tho water and 
return to their normal condition. But if the thaw is effected very 
quickly, tho largo quantity of water which is suddenly formed 
cannot be absorbed with sufficient rapidity by the cells, and it 
collects in the intercellular spaces: it either induces decay in the 
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plant or it escapes and is evaporated, anil tha plant dries up. 
However, many parts of plants, as the leaves of the Pninpkin, 
cannot be preserved from death even by the most careful thawing. 

Frost caascs radial splitting of the stems of trees : the fissures 
close up when the teroperatare rises, but healing can of coarse take 
place only in the cortejt. The splitting is dne to the nneqaal con- 
traction of the wood, that of the esteraal parts which contain mncli 
water being the greater. 

Cold oxerciEes a peculiar influence on many green loaves ; the 
twigs and leaves of Thuja, llei, and others, turn to a reddiKh brown 
colour in the cold, and become green again nnder the inflnence of 
warmth. This chnnga of colonr, neually from groon to a light brown, 
results from a modification of the chlorophyll itself, and must not bo 
confounded with the red colour that many leaves assume in antnmn 
and winter, e.g., of the Virginia creeper, and which ia due to the 
presence of a colon ring- matter in solution. 

§ 52. Light, as has been seen, is indispensable to tho formation 
of starch ; but when that process has been accomplished, the sub- 
sequent processes of motaboliem and growth can go on without the 
aid of light, though they m.ay bo more or leas affected by its 
influence. Shoots can grow from organs containing supplies of 
nntriont material, euch as potatoes, in complete darkness : the 
growing end of the stem of a vigorous plant, if introdnced into a 
dark chamber, will produce leaves, flowers, and fruit ; its nonrish- 
ment being supplied by the lower leaves which remain exposed to 
the light. If tho modifying influence which light exercises on 
growth, metabohsm, and similar processes, be considered, five sets 
of effects may be distingnished, which are produced by tho uetton of 
light upon the vital processes of plants. These fall nndcr two 
heads : — I. The chemical fffecU, which are produced for the most 
part by the less refrangible (yellow) rays of tho 8|>cctrnra (in this 
respect they contrast strongly with the chemical action of light on 
salts of silver) ; and II. TfiS mechanical effrelF, which are prodnced 
chiefly by the highly refrangililo (blue) rays of the spectrum. 

The chemical effecU are— 

I. The formai'on of chlorophyll ; this is in bo far dependent on 
light that the colon ring-matter cannot acquire its green hue, bat 
remains yellow, although the particles of protoplasm which con- 
fltituto tho chlorophyll-corpascles become differentiated from the 
reat of the protoplasm ia the dark. The co-operation of light is 
indisper sable to the formatlaa of the gi-een coboring-matter, and 
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this effect is aot exclusively confined to the rays of low refrang^- 
bility, bat is produced to some extent aJso bj those of high 
rofrangibilitj. In only a few caaea — aa the eeedlinga of Conifers 
and the leaves of Fema — do the organs of plants tnrn green in the 
dark. It mnst not be forgotten that the formation of chlorophyll 
depends also on the temperature, and will not take pliice if It be too 
low i hence the ghootA of plants wfaicb break throagh the soil in 
very early spring may remain yellow if the weather is cold, in 
spite of the exposnro to tight, until warmer weather sets in. 

n. The dependence of the forvuUioii of starch on light has already 
been pointed ont (§ 33) ; the inflaeace of the rays of high refrangi- 
bility ia here very slight. 

The meelianieitl effects are— 

III. The phenomenon that in many plants a strong light pro- 
duces a fading of the colour of leaves and other green parts, while 
those which are shaded remain a dark green. It has been ascer- 
tained that this change of colour is due to a change in the position 
of the chlorophyll- corpuscles in the cells effected probably by tho 
protoplasm. It appears that when the cells are exposed to diffuse 
daylight, the chlorophyll-corpuscles collect oa the upper and lower 
walls of the cells, or rather, they arrange themselves iu planes per- 
pendicular to the direction of the incident ray (epistropka) ; but 
when the cells are exposed to bright snnlight, the chlorophyll -cor- 
puscles collect on the lateral walls of tho cells, or rather, arrange 
themselves in planes parallel to tho direction of the incident ray 
(apostrophe). Removal of the leaves from diffuse daylight into 
darkness also prodnces apostrophe. Many zoo-spores move towards 
the light while others, on the contrary, avoid it, 

rV. Cell-division is independent of light. It frequently proceeds 
in parts to wliich do light can penetrate — as in many growing- 
points and in the cambinm — 'with as much activity as in other parte 
which are fnlly exposed to light, as frequently in the formation 
of stomata. On the other hand, the growth of all those oi^ns 
which are positively heUotropic ia greatly inflnenccd by light ; that 
ia to say, that it is considerably retarded : this effect is produced by 
the more refrangible rays exclusively. 

Y. Light acts on irritable motile organs in two ways ; in Uis 
first place an increased intensity of light induces the assumption of 
the diurnal position (paralonic action), in the second place the oon- 
ditioQ of irritabihty is intimately connected with the normal expo- 
anre of the plant to the influence of light (phulotaaaii). (^See § 50.) 
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§ 53. Gravitation, AU plants and all parta of a plant are 
naturally subject to the action of gravitation. It has already been 
pointed oat (§ 47) how this inflnencea tho direction of growth of 
the organs of plants producing tho phenomena of Geotropism. 
Planta exhibit varions adaptations for the purpose of maintaining a 
definite relation between the weight of their different parts and the 
diBcharge of their functions. Tho ri^dity of their woody tisane 
enables bongha to support tho weight of their leaves and frnit; 
climbing and twining planta avail thcmsclvea of foreign bodies for 
the same end. Water-plants have various appliances, such as air- 
containing spaces, very much elongated stems, etc,, for raising the 
different parts to the surface of the water. The seeds and fmite of 
many plants are provided with hair}-, feathery, or winged append- 
ages to facilitate their transport by the wind. 

§ 54. Electricity, The many chemical processes which go on 
in jihints must be accompanied by electrical phenomena. As planta 
are good conductors, the difference of the electric tension of earth 
and air is equalised by means of them : that this ia the case is 
shown by the fact that tall trees are frequently strack by lightning. 
Beyond this little is known. Highly electrical conditions of the 
atmosphere act npon sensitive leaves, as those of the Mimosa, like 
mechanical stimuli ; and protoplasm, when stimulated electrieally, 
exhibits no special phonomcoa which might not be produced by 
other means. 

CHAPTER VI. 
EEPRODDCTION AND ALTERNATION OF QENEItATIONg. 

§ 55. Reproduction. Many planis are roprodnccd by bulbils 
(see § 5) which become separated from them ; a similar mode of 
multiplication is effected by stems — more particularly nnJer-ground 
rhisMmes, creeping stems and sncb like— which branch and con- 
stantly die away from behind forwards so that the lateral shoots 
become so many isolated and independent plants. The branches, 
and even leaves, of many plants, when ai-tificially severed from 
thom, will lake root nnder favourable conditions, and form now 
plants. Again, many nnicellolar plants multiply by division. 
These various modes of propagation may be groaped together 
tinder the head of vrgitaltve re^roduetlon. 

But, besides this, all plant«, with the exception of a few of the 
lower Algm and Fungi, exhibit (rus Te^roducUon, that ia, repro- 
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duction by means of apeoiol cells. These cells may bo produced in 
two ways : 

(a) Asexualhj : The reprodactive cell formed in this manner ia 
capable, by itself, of giving rise to a new individual. 

In the Thallopbytea these cells are known by a variety of names, 
snch as tei^aloiq>OTes, uredoepores, tporidia, stijhspOTBS, letraspnres, 
zoosporeg (when they are motile), coniiia, or simply as spores. 
In the MuscineiB and in the Vascnlar Cryptogams they are also 
termed spores, bnt in the RhiiocarpeiB and in the Selaginellefe 
two kinds of spores are present, which are distingnished, on 
account of their relative size, as microspores and maerospores; 
these plants are therefore said to be helerogporous. In the 
Phanerogams the pollen-grains represent the microspores, and, like 
them, are set free from the parent plant : the maerospores find their 
represeutativea in certain Btrnctnres which are contained in the 
ovnle, bnt which are not Bat free from the parent-plant. These 
spores are, however, not always unicellnlar ; those of some Fnngi 
are mnlticellnlar, as are also the pollen-grains of Phanerogams. 

(6) Sexually .- The roprodnctive cell formed in this manner is 
essentiatly the result of the union of two specialised reptodnctive 
cells, neither of which, by itself, is capable of giving rise to a new 
individual. 

The details of the process of nnion are not the same in all groups 
of plants, and a prefix is added to the word " spore " to indicate 
the precise mode in which the soxnally-prodnced reproductive cell 
has been formed in any particnlar case. In most Cryptogams the 
coalescence takes place between two cells which differ greatly both 
in size and form, of which one is the male and the other the female, 
which are developed in special organs termed antheridia (male) 
and arekegottia or oogonia (female). The process is then termed 
fertilisation. In this case the male cell is a small mass of proto- 
plasm, usually without a. cell-wall, bat endowed with spontaneous 
motility, which is termed an antheroxoid : it penetrates into the 
female reproductive organ and coalesces with the female cell, the 
ooephere, which is likewise a naked primordial cell, bnt is much 
larger than the anthcrozoid and is not motile. As a consequence of 
fertilisation, the oosphere becomes Eorraanded by a cell-wall, and 
ia then termed an oospore. 

Bnt the differentiation of antherozoid and oosphere is not so 
complete as this in all plants. In the Peronosporoge, for instance, 
the oosphere is differentiated, but tbe antherozoids are not ; the 
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protoplasniio contents of the male reproductive op^n, vhict 
fertiliBO the oosphere, are quite undifferentiated. Tliia is the ease 
also in Phanerogams ; here the fertilisatioa of the oosphere is 
effected by means of the un Jiff ere ntiated protoplasmie contents 
of those outgrowths of the pollen-grains whiuh are known as 
pollen-tubes. la the Lichens and in the Florldere the tells corre- 
sponding to the antherozoids of other Cryptogams are provided with 
a cell-wall and are not motile, and in these plants also there is no 
distinctly differentiated oosphere in the female reprodnctive organ. 
In the other Ascomycetea in which sesual reproduction is known 
to occnr, neither antherozoid nor oosphere is differentiated, bnt 
the male and female roprodactive organs coalesce. These last- 
named groups of plants have this peculiarity in common, that the 
product of fertilisation is not a single cell, hut a number of cells 
asnally contained in a fructification and therefore termed carpo- 
iporee, those of the Ascomycetea being further distinguished, on 
ftccount of the mode of their development, as agcosporei. In cer- 
tain Algffi and Fnngi (Zygosporeee) the two cells which coalesce are 
usually Bimilar in size and form, and they are either both stationary 
or both motUe ; in this case the process of onion is termed conjuga- 
tion, and the resniting cell a sijgoapore. It is of course impossible 
to say with certainty which of the coalescing colls is male and 
which female. 

In the Thallopliytes the son n ally- produced reproductive coll 
(oospore, zygospore, carpospore) is Bot free from the parent-plant 
before it germinates : in the Mosses and Vascular Cryptogams the 
oospore developes whilst still inclnded in parts of the parent-plant; 
in the Phanen^ams also it developes to a certain extent and forma 
the embryo, bnt at this stage its development is arrested, and it is 
then thrown off, together with certain parts of the parent-plant, as 
the teed. 

SeiDil r«pTD(lnolian hag not yet been utnaUj observed in the £cicUoin;Detei 
(Urodinaa), bat on the gronnil al anftlc^gj, tlieJr acidiviporti ue generally eoa- 
■idered to b« oarpoBpoies like the ascosporea of tbe AscomyoeteB. 

ImitBDiiea are on record in wbich an ooipbere hai givvn rise to a new 
individaal vithont having been previoualy fertitiged bj on antherutoid ; this 
baa been obsnvcd in the Sapioleguieie and in Chara crinita. Him la Uttavi 
parlhtnogtnetii, 

§ 50. Alternation of Generations. In the higher Crypto, 
gams it can be readily observed that a reprodnctive cell, whether 
produced aaoxually or ■oxnally, does not give rise to an in- 
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dividnal similar to the one which bore it. If it be a spore, it 
gives rise to tin is dividual which bears Bextml organs ; if it be 
an oospore, it givea rise to aa individual ■which bears spores. 
Thus there come to be two distinct generations in the life-history 
of one of these plants, the one, termed the sporopJture, which is 
asexual and bears spores, the other, termed the oophore, which 
is sexual and produces the male and female reprodnctive organs, 
and these two generations differ considerably from each other in 
appearance. This is what is meant by the phrase Altentalioii of 
Generations. In a Moss, for extkmple, the ordinary moss-plant is 
the oophore ; the product of tlio development of the oospore is not 
an individual similar to the parent-plant, but a fructification, 
called the sporogoniom, in which spores are formed. When the 
spore of e. Fern germinates, it does not give rise to a fern-plant 
with stem and leaves bearing spores, but to a small flattened 
cellular body, the prothallium, which produces the antheridia and 
archegonia; it is from one of the fertilised oospheresof the prothal- 
linm that the ordinary spore-bearing Fern is developed. The alter- 
nation of generations becomes more difficult to trace in ascending 
from the Ferns to the Phanerogamfi, on account of the gradnal 
diminution in size of the oophoro : in the heterosporous Vascular 
Cryptogams the prothallium doea not become free from the spore 
from which it is developed; the prothallium which is developed 
from the microspore produces only male organs, and the prothal- 
lium which is developed from the macrospore produces only female 
organs: in the Phanerogams, the poll en- tube alono rep reseats the 
male prothallium, and, inasmnch as the representative of the macro- 
spore is not set free from the plant which bears it, the structures 
which represent the female prothallium of the heterosporous Vas- 
cular Cryptogams are enclosed in parts belonging to the sporo- 
phore. In a Phanerogam, then, the plant is the sporophore, the 
oophore being only represented by the pollen-tube and by certain 
cells contained in the ovule. 

In the Thallophytcs no suah alternation of generations can be 
traced. In some of them, such as Fucus, the only reproductive 
cells which are formed are oospores : in others the same in- 
dividual produces spores sexually at one time and asexuolly at 
another, and in others again these two processes may go on 
simultaneoaely. For these reasons it is impossible to distinguish 
sporophore and oophore as has teen done in the higher Crypto- 
gams and in the Phancrc^amB, 
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PART IV. 
THE CLASSIFICATION OF PLANTS. 

Introductory Remarks. A systeinatio classification of plants 
may be arrived at by either of two methods. In the first, tho 
different forms of plants are arranged according to some one given 
principle ; by this means order is estabJishod, and a definite position 
in the Bystom is assigned to each plant. Many such systems have 
been devised, and are known as artificial systems. The principle 
of classification in such a case most be determined more or leas 
arbitrarily and without considering whether or not, in the resulting 
arrangement, the plants which are nearly allied are always bronght 
together, and those which are less nearly allied are kept apart. 
The best known of these artificial systems is that of Linntens, 
called the seinaJ system, which classifies plants by the nnmber 
and modo of arrangement of the sesnal oi^ans. These organs, 
in his time, were known only in the Phanerogams (seed-bearing 
plants) ; to the great group of the Cryplogants, which Linnmns 
regarded merely as a subsidiary department of the Vegetable 
Kingdom, this principle is inapplicable. 

The natural eyttem, to tho gradnal development of which a more 
exact knowledge of the reprodactioa of Cryptogams has largely 
contributed, has for its object tha classification of plants ai^cording 
to tlieir fundamental relationships, and as these are established 
once for all by Nature itself, tho natural system is not based upon 
any arbitrary principle of classification, but depends npon the 
state of onr knowledge of these fundamental relationships. Tiiese 
find their expression in tho structure and other characteristics of 
tho roproduetivo organs, as well as in the relation of reproduction 
to the alternation of generations. 

This ia more particnlarly trae with regard to the definition of 
the larger groups of the V^etable Kingdom ; within those groups 
relationships may be exhibited sometimes in one way and some- 
times in another, 80 that it is not possible to lay down any universal 
roles for det«rmintng close aflinities. 

As the investigation of this subject is still far from corap1ol«, tho 
natural 6j-st«m cannot be regarded as being perfectly evolved; 



raTRODUCTOUT REMARKS. 107 

a general sketches which, have hitherto been given are 
therefore no more than approximationa to the truth. The system 
Ijiid down in the following table has no pretenfiion to be regarded ae 
the only correct one ; it ia selected simply becanse the arrangement 
it offers appears to answer most nearly to the present state of 
knowledge of morphology and affinity. 

The following Table e:ihibits, proTiflionally, tie m^n diviaiona of 
the vegetable kingdom : — 

Ist Grodf. Thallophyta. Plants of very simple atrnctnre, 
without any differentiation of leaf and stem, with- 
L out tme roots or fihro-vascniar bundles. 

I Class 1. AlgB. 

^^^ 2ni 
f 3rc 

f 4th 



, 2iidGBC 



3rd Gbodp. 



4th Gkoop. 



Muscinese. The plant which is developed from 
the spore has generally a distinct stem and loaves, 
but possesses neither fibro-vascular bundles nor 
roots, and bears the ecxnal organs (oophore). 
The fertilised oosphere gives rise to a capsule 
containing spores (sporophore). 

Class 3. Hepaticis. 
„ 4. Mnsci. 

Pteridophyta. From the spore a amall pro- 
thallinm is developed which bears the sexual 
organs (oophore). From the fertilised oospherc a 
plant is developed consisting of stem, leaves, and 
roots, containing fibro-vascular bundles and pro- 
dncing spores (sporophore). 

Class 5. Filicinoe. 
„ 6. Equisetaceffl. 
„ ?. Lycopodinre. 

Phanerogamia. These plants are characterized 
by the production of trno seeds containing at 
maturity a minute plant (embryo), fnmishoJ 
with rudimentary root, stem, and leaves. The 
ovule contains tho oosphere from which the em- 
bryo is developed iu consequence of fertilisation. 

Gymnospermse. 

Class 8. Gymnospormfo. 
Anglos permae. 

Class 9, Monocotylodones. 
„ 10, Dicotyledones. 
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If the characteristics which are coramon to Bevpral groups be 
especially considered, the Phanerogams may ho diatin^iahod as 
seed-beariog planta from tho three gronps of Cryptogams ; the 
Thallophytes and Mnscine» may bo distinguished as non-v<isealar 
plants (eellidar plaiiU) from tho higher Cryptogams and the Pha- 
nerogams which are vateular plants, and the Thallophytes from the 
three groups which exhibit n diSerontiatioa of leaf and stom, and 
which are termed Cormophjle». 

The above- mentioned Classes are of very nneqnal extent ; for 
while certain of them, as tho EqidsetaceEB, include few forms and 
those for the most part very closely allied, others, as the Dicotyle- 
doues and the Fungi, include an enorraens number of very different 
forms. These discrepancies arise from the very nature of the 
natural system, for a great diversity does not necessarily display 
itself in a typo which is representod by a single class, and it mnst 
not be forgotten that probably the few living representatives of 
many Classes, for instance of the Lycopodinte, are but the snrviving 
remnant of various once well- represented orders which have be- 
come in groat measure ertinct. 

Those Classes which include a sufficiently large number of forms 
are subdivided into eubordinato divisions, as (1) Sub-classes, (2) 
Series, (3) Cohorts, (4) Orders, and these again, if necessary, into 
Sub-orders, etc. ; but these naraea are applied in the most arbitrary 
manner to the different sub- divisions. The two narrowest system- 
atlo conceptions, viz., Genus and Species, are used to indicate an in* 
dividual plant. Under the term Sjieeies are included all individuals 
which agree so closely that they may be considered as having all 
descended directly from a common ancestral form. New pecu- 
liarities may no doubt^though comparatively seldom — occur in 
tho course of multiplication; the individnals characterized by these 
new peculiarities are regarded in classification as varieties of the 
species. When several species resemble each other so distinctly 
that their general appearance indicates a relationship, they are 
grouped together in a Qemis, The limits of genera are consequently 
by no means fixed, bnt vary according to the views of individual 
botanists. In the lai^or genera the species are grouped into Suh. 

Tho 8cienti6c nameof every plant con-sists — on tho plan introduced 
by lonnieua — of two words, the first indicating tho name of the 
genus, and tho second that of the species. Thus, for instance, the 
greater Plantain, Plantago major, tad the Ribwort, Plantago 
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laneeolata, are two species of the genus Plantago. Since in eai'lj 
times the same plants were often described nnder different names, 
and as different plants were often designated by the same name, it 
is necessary in scientific works, in order to avoid confusion, to 
append to the name of the plant the name of the botanist who is 
the anthority for it. Thns Flantago lanceolcda L., Indicates that 
LinnsBus gave the plant this name, and at the same time that the 
plant meant is the one which Linn^ns described and to which he 
gave the name. Again, the Spruce Fir is called Abies exceUa D. C. 
(De CandoUe), while the same plant was placed by Linnsans in the 
genns Finns nnder the name Finns Abies L.; hence these names are 
synonymons ; but Pintu Abies Dnroi, is another plant altogether, 
the Silver Fir. 

The method by which each plant has its place assigned to it in 
the natural system is exhibited in the two following examples — 
I. Plantago major ; II. Agaricus muscarius : — 

L Group: Phanerogamia. 

Division: AngiospermsB. 
Class: Dicotyledones. 
Sub-class: Gktmopetalsd. 
Series: Hypogynae. 
Cohort: Lamiales. 
Order: Plantagineaa. 
Oenus: Plantago. 
Species: Major. 

II. Group: Thallophyta. 

Class : Fungi (Carposporece), 
Order: Basidiomycetes. 
Tribe: Hymenomycetes. 
Family: Agaricin®. 
Genus: Agaricus. 
Sub-genus: Amanita. 
Species: Muscarius. 
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THALLOPHTTA. 

Thia gTonp^inclndea the lowest forms of vegetable life. Thoy pre- 
sent no differeatiiLtion of Stem, leaf, and root, and eome of them arc 
imicollalar, the entire organism consisting of a single cell. In the 
lowest members of this group there ia no Boxtial reproduction ; in 
the higher, the prodact of sexnal nnion may be a zygospore or an 
oospore, or a mass of earpospores, or a frnctification within which 
carpospores ai'c formed. The division of the group into the two 
cloaaes AJgie and Fungi is artificial, in that it is based upon the 
presence (Algie) or absence (Pnngi) of chlorophyll. Still it ia 
probable that these classea are on the whole really natnral, and 
that the evolution of higher forms proceeded equally in both. 

GeHEBU ClASSIHCATIOH of T HALLO hit I £3. 

A. Protopkyla. 

No »mal reproduction. 
Alga. Fungi. 

PLyeochromaeea. Schizomycctca. 

Sacoharumyeetea. 

B. Zyjasporm. 

Sexual reproduction by conjugation. 
Prod not, a zygospore. 

Zygomycetes, 
Myiomycetea (?).• 
Chytridiaccec. 

C. Oosporece. 

Sexual reproduction by fertilisation. 
Product, an oospore. 
Siphonotp. SaproIegnieiB. 

Volvocinoro. ParonoHporcaj. 

CEdogonietP. EntomophtLoreto (?). 

Coleocha;t«ffi. 
Churaccra. 
MelanophycciD. 

* The nt>te of interrrieiktioD indlcalea tfaat the oMmrentw of iciukI reprodoe- 
tion bM not been delicital; uMit&inviI in the Order to which it it •ppended. 



Con jn gates, 
ZooeporeaJ. 
Botrydiacege. 
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D. CaTpo»pore(e. 

Sexual reprodttction hy fei'tilisation. 

Frodnct, ntunerous carpospores. 

Alga. Fungi. 

Florid e». Ascomycet«8. 

Uredinew (.^idiomycetes) (?). 
UstilagmeiB (?). 
Baaidiomy cotes {?). 



Class I.— ALG^. 

ThcRe are plants of the Bimplest Btmctnre, which either live in 
water in the form of green, bine-green, or brownish filamonts or 
masses of cells, or clothe damp surfacus such aa rocks, walls, or the 
bark of trees, with a covering of one or other of these colours. la 
the sea they attain often a very considerable mass ; some of them 
are of a beautiful red or brown colour, and attract the attention of 
the observer, partly by their gigantic size and partly by the elegance 
of their ramification. Whilst some are nnicellnlar, existing throngh- 
ont their whole lives as single cells and prodnuing new individuals 
by division, others form long rows of colls, or considerable masses 
or extended anrfacea of cellular tisBue. 

The most important feature In which the plants of this Class 
differ from the Fungi is the presence of chlorophyll and the con- 
sequent mode of lifo. The Algee are able to form the organic sab- 
stances necessary for their nutrition, whereas the Fungi are obliged 
to obtain them from other organisms. The presence of chlorophyll 
is obvious enough in the green Afgee, but it exists alao, though less 
evidently, in Alga which have a binish-green, olive-green, brown or 
red colon ring- imitter in addition in their chlorophyll- corpuscles. 
The nature of this additional coloaring- matter is iLsually the same 
throughout whole families which also resemble each other in their 
modes of reproduction. 

The reproduction of the Algie, when it is not merely a process of 
division, is effected by cells which are prodnced sexually or asexn- 
ally. The former are designated by terms which indicate the 
special mode of their developmenti (zygospore, oospore, earpospore): 
the latter are spoken of generally as tporea (xoosporai when they 
are motile). Reproduction hy moans of zoospores ia very common 
in this class (Figs. 37 and 80) : these are small protoplasmic bodies, 
without cell-walls, formed either by the division or the rcjnvenes- 
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cence of a cell, ■wluch move through the water by means of delicate 
filaments, the cilia : after a time tiiey come to rest, become in- 
Tested by a cell- wall, and give rise to now indiridnals by growth 
and coU-di\-ision. 

In the very lowest forms reproclnction is ofFocted neither somally 
nor by means of zoospores. Xn the CoDJngutie the entire contents 
of two cells nnite to form a zygospore. In many Zoosporete two 
eooaporee, which may or may not bo exactly similar and which 
are usnallj formed by cell -division, coalesce to form a zygospore. 
To these naturally follow thosa orders in which only the small 
male cells (antherozoids) are motile, the female cells being the 
oospheres which remain in their mother-cells (oogonia) and are con- 
Terted into oospores in conseqnence of fertilisation, Tho oospores 
may or may not be invested by special intcgnments, and, on ger- 
mination, may give rise to one or more individnals. Prom those 
the FIorideB differ in the pocnliar stmctnre of tho female organs 
and in the formation of a nnmber of reprodnctive cells, the carpo- 
Bpores. On the other hand the Zoospore bb resemble the Botrydiacea>, 
which haTe only lately been accurately studied ; but there is this 
difference, that the zygospore of the former gronp undergoes a 
period of rest before it germinates, whereas that of the latter 
germinates immediately after its formation. This is also the case 

I with tho oospore in the Melanophyceee, so for as their mode of 

reproduction is known at present; in them tho oospbere, though it 
IB sot tree before fertilisation, is not motile. 
If, in addition to tho modes of reproduction, tho general vegetatiTe 
stmcture of the Algai be cousidored, a classification such as the 
following may bo constructed. This must of coarse be considered 
as only provisional, since the reproduction of many forms is still 
tmknown, and it is therefore only possible to assign them a systom- 
atio position by a consideration of their vegetative structure. 
I. Serual reprodnctioa unknown ; no zoospores. 
L Order 1. Phycochromncore ; bluish-green Algio. 

■ U. Sexual roprodnction, effected by the conjugation of the 

I entire contents of two stationary cells. 

I Order 2. Conjngataj. 

I m. Seinal reproduction, effected by the conjugation of zoospores. 

B Order 3. Zoosporew ; tho product of conjagntion is a 

^^^^ resting zygospore. 

^^^^L Order 4. Botrydiaceic ; tho product of con jngntion is a 

^^^^H tygoaporo which germinates at ouce. 
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rV. Semal reprodnction (so far aa is at present known), effected 
by the fertilisation of a free ooephere; from the oospore 
a now individafll is directly developed. 
Order 5. Melanophycem. 
V. Scxnal reproduction, efEect«d by fertQisation within special 
female organs (Oogonia and Carpogonia). 

A. The thallus a eingle, much -branched, filamentous cell. 

Order 6. Siphonete. The oospore gives rise to a single 
new individaal : female organ an oogoninm. 

B. The thallus is mnlticellnlar. 

(tt.) Female organ an oogonium. 
Order 7. Volvocinew : thallus motile. 
Order 8. (Edogoniete: thallns filanienfous. 
Order 9. Coleochffiteie: thallus consisting of rows of 

cells : oospore with a special cellular investment. 
Order 10. Characete ; the oosphere has a cellular in- 
vestment before fertilisation. 

(6.) FmnaXe OTijan a caTpogonium. 
Order II. Florideffi (red Algie) : the female organ has 
a complicated Btrnctnre ; namerouB spores produced 
in consequence of fertilisation. 
1. Phtcochromacej:, or blne-groen Algie. Neither sexual repro- 
duction nor formation of zoospores is known i:i this order : mnlti- 
phcation is eifected most frequently by 
cell-division, which takes place in some 
cases in more than one plane, but some- 
times also by means of spores. Several 
of the genera are unicellnlar, e.^., Glceo- 
capsa (Fig. 74), ChroococcnB and others. 
The separate individuals are sometimes 
enveloped iu a gelatinous difdaoiit mem- 
brane, and are thus united into colonies 
or families forming a blackish or dark- 
bine film on rocks or Mosses. Others '■"'■'♦■-Q'™P«»('<»»tta 

Tuiuos itaeia, A bocoraea B. 

appear as many-celled filaments : Nostoc c. D, e by repeated ditieion. 
(Fig. 75 A) for instance, consists of rows <^"'" ^"'"■> 
of cells forming brownish gelatinous masses which are often to be 
found after wet weather on paths or sandy soil ; in a dry state 
they are Inconspicuous and of a dark colour. The Oscillariem 
(Fig. 75 B), the filaments of which exhibit peculiar locomotor move- 
ments, are often seen as blue-greoii or brown-green patches floating 
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on stagnant watpra and having a TCry disftgrecable smell. The Hi- 
Tolaries form cnsbion-liko patches consiating of a gclatjnons 
matrix, in which the filamente are 
iaposed radially ; they occur on 
submerged stones and water-plante. 
2, The CoNJDQATJ] are distin- 
g-aished by the process of conjuga- 
tion which takes place between the 
whole of the protoplasmic contents 
of the cells in the process of repiMidaotion. Zoospores are not 
formed. They are subdivided into three families : 

a. The Zijgnemacfm, consisting af long unbranched filaments which 
occor in largo floating patches in many waters, particularly ponds 
and springs ; they are easily recognised by their bright green or 
yellowish colour as well aa by the delicacy of their tilamenta. 
Their chlorophyll -corpuscles have peculiar forms: in Spirogyra they 
are spiral bands (Fig. 40) ; in Zjgnema, stars (Fig. 7ti A) \ in 
Mougeotia, plates. 

(, The DeimfdiaceiE inclnde nnicellalar forms, which ore often ex- 
tremely beautiful, as Closterium. (Fig. '(> , a 
B), Cosmariam, Stauraatram, Enasti 
(Fig. 76 C). 

e. The DMmnaeais, in which the chloro- 
phyll-corpnecles are of adark-yellow colour. 
The individuals are unicellnlar ; the olU- 
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walls contain mnch fiiUca, and exhibit extremely delicate and 
elegaat thickenings. The wall (fmstnle) of each cell consists of 
two halves which 6t into each other like the two parts of a pill- 
box (Fig. 77 a). Division takes jiloee lengthwise between the two 
hklvee, and the newly-formed wall of the daughter-cell is enclosed 



OROUP I, — THALLOPUTTA. 115 

within the rim of that of the mother-cell, so tliat the two halves 
of the cell-wall are of different ages. In consequence of repeated 
division the individuals must grow amaller; when this diminution 
has gone on to a certain eitent the formation of auzoepores takea 
place, that ia of very large cells, either by means of growth alone 
or as the result of conjugation and STihsef|nent growth. In some 
genera, e.g., Navicula and Pinnularia (Fig. 77) the individuals are 
solitary and they are endowed with a peculiar creeping mode of 
locomotion, In others, as Melosira, they are arranged in long 
filaments. They occur frequently and in great numbers in all 
waters, fresh as well as salt, sometimes also in damp soil between 
Mosses. The eiliceons fmstnles of Diatoms have been preserved 
from the early geological epocha and exist in various parts of the 
world in great masses, nnder the name of infusorial earth. 

3. The Zoospores are reproJaced by means of zoospores which, 
in the case of many forms at least, conjugate, and give rise to 
resting zygospores. 

Some families, snch as the HijdrodielyeiB consist of unicellular 
forma which generally live together in colonies (Fig- 78 A). The 
whole colony ia naually actively 
motile by means of the cilia of 
its individnal mombers. Periods 
of rest sometimes alternate with 
periods of movement, and these 
resting forms were formerly re- 
garded as being distinct plants; 
snch are many Palmellaceffi and 
perhaps Fleurocoecvs vulgaris, 
which is constantly found as a 
green growth on the tmnks of 
trees and in similar situations. 
Htematococcus lives in puddles; 
the resting-cella are of a pur- ^ 
pliah-redcolonrand where they ' 
occur in masses they impart a ' 
red hne to the water or to the snow (red snow). 

The Coihferoeis are filiform AlgEe which are widely distributed in 
all waters, being especially abundant near their margins; the 
zoospores are formed in the individual cells, either in considerable 
numbers or one only in each. The filaments of Cladophora are 
mnch branched and are harsh to the touch. The filaments of 
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UlothrU are Bimple; in this plant certain larger zoospores re- 
prodace it vcgctatively, whereas the smaller ones conjugate and 
reproduce it sexually ; Chroolepos is orange-coloured, and grows 
on damp rocks, etc., in velvety patches. 

In the UlvaceiB the poljhodric cells are united into flat ex- 
pansions ; in Ulvn Laclitca, which is a CODunon green sea- weed, the 
tnembranons expansion may be siiaple or more or less branched ; in 
Entcromorpha it Forma the wall of a tube. 

4. The BoTBYDiACEi are represented in fresh water by Botrydinm 
alone. This ia a email unicellular plant, looking like a green 

Bpheroidal 
le with 




jngating Koos pores. 

S. Meuhophycej[. These are the brown eoa-weeda. Their chloro- 
phyll -corpuscles are o( an olivo-green colour. They are usually of 
a considerable size, and present great variety of form. The tliaUus 
consistG sometimes simply of rows of cells, Homotimes of masses of 



J 



117 



tisflne ; it often attains gigantic dimensions, and appears to branch 
diehotomonsly. The cell-walls are very mactlaginons. Some are 
provided with large cavities filled with air (Fig. 79 h), by means of 
which they are enabled to float. 

The reprodnctive organs are borne by certain branches of the 
thallna (Fig. 79). They are developed in pecnliar depressions ol 
the surface, the r.onceplaelm. The antherozoids are formed in certain 
cells termed antheridia, and the oospheres in certain cells termed 
oogonia. The oospheres are extruded from the oogonia and ai-e 
then fertilised by the antherozoids. The oospore at once developea 
into a now individaa!. 

The different species of Fncns and of Laminaria are typical 
representatives of this order. 

$. The SiPHONES are unicellnlar, but the tubnlar cells are large 
and miich branched. The different species of Vaucheria (Fig. 80) 




L 



are freqaently fonnd in springs, in wells, and on damp soil, in large 
dark-green patches. Zoospores! are developed in special cells 
formed by the cntting off, by means of septa, of some of the branch- 
ings of the main cell (Fig. 80 A). Sexnal reproduction is 
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effected hj antberidia and 
naoallj curved into a hook-s 
branches. Within them the 
discharged, are formed. The 
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oopoiiia. The antheridia are cells, 
ihape, which are developed as lateral 
antherozoida, which are subsequently 
spherical cells, developed 
close to the antheritlin, 
in which the oosphere 
ia formed by rejnven- 
B»cenco(Fig.80i'.«j). 
After fertilisation the 
ooaphore becomes aur- 
roanded by a proper 
membrane, and is then 
known as the oospore. 
Whether or not the rery 
large forma found in the 
sea, e.g., Canlerpa, con- 
sisting of aainglemnch- 
branched cell, really be- 
long to this order, is at 
present uncertain, for 
their reproduction has 
not been fnlly investi- 
gated as yet. 

The order of the Si- 
phoned appears to be 
more closely allied to 
the Saprolegnieie (Fun- 
gi) than to the other 
Algw. 

of»tMn»iai«roiintwiibtwooogoiu«(oBiftrtiitMdbjcho as represented by the 

dvur nulo pinnu (m), d*v(>Iop«d Ifum BxiiporM formed pgnoa VolvOI, are 

lDllia«ll m Bttb<iupperri>rtotUig aiuuenl. O Oogo- ", , „■ i ■ .. ■ 

iii™.tib.ii.om8DlQtft.rUlto.UoaiOthoo«ptoreii>(lt» Clo«^'y 'lll'eu m their 

oogonlBin; . the »nilioro((ad In lie net at tDreIng lu tm/ structure tO tbe Zoo- 

m.ig fl]»™ot of «d. ,™.lhpar«.. . MiihewBotd.. s sporow which live in 
Bnncba(Bfii>lt>«clui!*,wlthoDaaogantuiniUllctniiaItiing colonjes ; the colony 

roX"^°l^".mp^^ia^'^^l'"foT^'^™ *"^ '*''•'« **"> ^°^ °^ 
tormM troa ta o«por«. fl ZoMpoM from u (KHporo a hoUow sphere. Fer- 
cDcwnu. (After Pnngibeim.) tjlisation is, however, 

not effected by the conjugation of zoospores ; but the oosphere, 
which ia stationary, is fertilised by anthcrozoids. 




8. The (Edogonteje occur in green patches in springs and other 
waters. These patches are coraposed of collnlar filameata, of which 
the separate cells sometimes produce zoospoi'e^ and sometimes 
become oogonia, the contents of each one being converted into an 
oosphere by rejovenesoence (Fig. 81 B). The antherozoids, which 
resemble the zoospores but are smaller, are prodnced in some 
species by repeated division in the cells of the filaments (Fig. 81 B) ; 
Irat in other species the cells of the filament give rise to peculiar 
zoosporea which adhere to the oogonium and grow into dwarf maleg 
consisting of but few cells (Fig, 81 A m), in which the anthero- 
zoids are formed. 

9, The CoLEOCHJiTEX form hemispherical or disk-shaped cuahioaa 
of a beantifnl green colour on sobraerged stones and water-plants. 
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(AtUr Bache,) 



The female organ is unicellnlar, and presents a long tnbnlar pro- 
jection open at the apex, the Irichnijyae. After fertilisation the 
oosphere in the basal dilated part of the oogonium becomes invested 
by a special membrane ; the oogonium becomes snrrounded by out- 
growths from neighbouring cells, bo that it is enclosed in a cellular 
integument. On germination, the oospore divides, and from the 
cells thus formed there escape zoospores, which Bubseqnontly givo 
rise to new individuals. 
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PART IV. — THE CLASSIFICATION Of PtANTa. 



10. Characo;. These are tho only green Algffi which, like the 
Floridete, have memhers that can be regarded as leaves. In the 
genus Nitella (Fig. 82 A), inhabiting waters, which are not hard, 
each intemode of the stem consists of a single cylindrical cell (Fig. 
82 A s), the wail of which is lined by a compact layer of chloro- 
phyll -corpnaclea. The so-called leaves (Pig. 82 A, h) form whoria 
at the nodes and each consists of a row, Gometimes branched, of 
elongated cells all similar in fomi. In the other gennn, Chara, of 
which nnmerons epeuies occur in many waters, and which are 
remarkable for their unpleasant ameil, the atom and leaves are 
covered with small cortical cells. In all tho long cells a rapid 
rotation of the protoplasm is perceptible. The female organ is an 
egg-shaped body (Fig. 82 B) ; it poBsesses a covering of cclla 
tw^isted apirally, which encloses the oogoninm. The oosphere be- 
comes an oospore in consequence of fertilisation, and remains 
enclosed in the integument. The antheridia (Fig. 8;i a) are visible 

Las smull red spheres; within them the spiral antherozoids are 
produced in rows of cells. 
S(f / 11. The Flokide*, or red Algae, 

B /i are of a beautiful red or violet 
A // colour, and live in the sea; only a 

g ^A t jl few forms, soch as Batrachotpermum 

J^M °^^^^k f"on'iifomie, of a purplish-brown hne, 

^^H ^Btr ^"^ fonnd in fresh water. Many re- 

B ^JP prcBontativca of this class are dts- 

^^ ^V tingniahed by their graceful branch- 

^ • ff ^°S '■ '*^^ i"! several genera, e.g., Poly- 

eiphonia, it ia of such a nature as 
almost to jnatify the designation of 
some of the branches as leaves. Re- 
prodnction is effected in a peculiar 
manner. The female organ, which is 
termed a farpogonium, ia frequently 
ini'd n>n-H"cellnlar. Fertilisation takes 
• tonuis ontu; Ui« (onnar pnxiiioH place by means of antheroKoids 
which, having no cilia, are not motile 
to BHfccHeruiiMODn. Kia (Fig. 83 A s). They attach them- 
jiiocup selves to a projecting cell of the 
fenanle oi^nui, the trichogyne (Fig. 
83 ()< which is, however, not open, like that of Coleochiet^, but com- 
pletely closed ; in consequence of fertitiaation, a eyatocarp ia formed 
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from the basal portion of the tridiogjne, or more freqnenfly from 
celle which sarrotind its base, or from others more remote from 
it. The cyatocftrpg are either masses of carpospores (Fig. 83 C o), 
or receptacles, within which carpospores are formed. The asexnally- 
prodnced spores (tetraipores) are aJao devoid of cilia, and are pas- . 
aively floated about by the wat-er. 

Callithamnien cori/mboiiim, Ctraiaiian Tubnim, Chondrui criijnu (used i 
madicme as CncrageeD Mobs), Plocamium coccimam, Deleiirria hypoglottum an 
Corallina rubtni, ara oommon lepreseutatives ol thU class in European Beaa. 
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Class II.— FUNGI. 

This class, like the preceding', includes many very simple J 
oi-ganisms, as well ae others of tolerably high development. None | 
of them contain chlorophyll, and their mode of life is correlated 
with this peculiarity. They most take np their nourishment, and 
more especially their Carbon, in the form of organic compounds. 
Some, termed Paratilef, such aa Rust and Smut, absorb it from 
living organisms, plants or animals. Others, called Saprophytes, ■ 
absorb it from the remains of dead organisms, or from organic 1 
compounds formed by living organiems : the bark of trees and thel 
hnmuB or leaf-soil of forests and meadows are examples of the former I 
case, and they support numerous and often large Fungi ; the juicse I 
of fruits and saccharine solutions are examples of the latter caa^ J 
and in these Moulds and Yeofits often make their appearance (sea. j 
§33). 

In Fungi the cells are usually arranged in rows, so as to form 1 
long filaments called kyphm : these are loosely and irregularly I 
interwoven Qela eoiilexta), as in the common Mould; but som 
times they are firmly connected into a mass of considerable size, i 
definite external form and internal structure, as in Mushrooms, 
few Fungi oidy consist of small isolated cells, or of long branched 
tnbutar cells, like the Stphones3 among the Atgte. The thallas 
developed from the spore, when it is not unicellular, conRistfi of 
hyphiB, and is called a mycelium. The organs of reproduction are 1 
usually developed npon some part of the mycelium, but, if circi 
stances bo unfavourable, the mycelinm may continue to vegetate I 
for a long time, attaining a most lusuriant growth, without bear- I 
lug any reproductive organs. The white felt-like growth which | 
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often clothes the walla of damp cellars is a sterile myceliam of this 

Tlie reproductive cells of Fongi are formed in two ways : in the 
one, the protoplasm of the mother-cell divides into a number of ceUs, 
that is, froe-coli formation takes place within it (spores, ascospores); 
in the other, segments are cat off from the mothor-ccU by abstrio- 
tion (styiosporea), a process which differs from that of ordinary 
cell-divisions only in the marked constriction of the cell in the plane 
of division. The cells which undergo tids abstriction are called 
hojndUi, and they fretinently bear a delicate projection, the sterigma, 
at the end of which the spore is borne. In some Fungi the cells 
formed by the first of these two methods are naked maase.s of proto- 
plasm, and move actively in water; they are called zoospores- The 
lowest Fungi are not reproduced eexnally, and this is probably also 
true of some which are more highly orgiuiiied. Sesnal reproduc- 
tion is cxiiibited in the form of conjngation by the Zygomycetes, 
in which branches of the mycelium coalesce, and in the form of 
fertilisation, closely resembling conjugation, in other Phycomycet«s 
as well as in many Ascoraycetes. Other Ascomycetes (and perhaps 
the Urodinen) have female organs which resemble the carpogonia 
of the FlondeiB, and which are fertilised by small calla, the gpermatia, 
which are passively conveyed from place to place. Those cells arc 
formed by abstriction in certain receptacles called Bpermogmita. In 
the following account of the various groapa of Fungi, as in the case 
of the Algte, the reproductive cells which are produced ascxually 
are spoken of as iipore* or conidia (atylospores, loosporea, etc.), 
whereas those which are prodnocd sexually are spoken of as tygo- 
itporet, oospores, earpospoTeg (asooipore», ceiridiosporei). 

The tolloviDg remorki are eiplanfttory of the arr&DgemeDt of tha Fungi which 
is adopted bers. In the PhycomfceteH sexaal repraluctioii i» ett>xivA by the 
oanjogulioD of two bTphn, ot b; a process wbich diSen bat little from this. 
Th<^ product is a leiliog-spore which, on gemjioation, maj give rise to an in. 
dividual beaoDg eonidia. or aimply to a aparanginia. 

Tba Aeoom;c(ilei are probabi; nearlf related to the Pbjoomycetoi. In them 
the Betual prcMai ia ol rnueh the uuae kind ; but the product ii Dot a siuyle 
cell, but a ntunbeT of oelU (aacoaporeg) ciintained in receptacleB railed luci. 
Theac awl are more or leas enolosed in the mycelial tit^aiii!, and tbiuw CigL'thet 
form a (rue tiH cation. The mycelium bears, in additioD to tlie sciual (ii)jan«, 
cnmeroua organs whioh raprodaee it nesetatively. 

The Kt^tost diffieulliet are oScrrd by IhoM Fungi tbe reproductive oelb of 
whieli are formed by abBtriotion. In tbe Drediars the ncidium •fruit is probably 
tbe •eiuollf •dercloi'od IrucUflostion, or it la at least anolotpins to each a fruoti- 
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GcatiDTi, -whereat the other CruotiSoBtioiiB are probablj produced 

No Beiool OTgona have been di8<»>vered as yet m the BaHidiomycetoa, and tbt^ir 

large frucUficatioDB mn; therefore be regarded aa orgajts effecting aseiuBJ 

leproductioD. 

Ab to the relationsliip between Fungi and Algn, the ScliizoinjeeteB and the 
Phjcochl'omacanQ appear to bo allittd^ and the; are connected b; intermediate 
forms. BeBemblaneas ateo eiiat betvefo the Cbytridiacenj and the lowest Zoo- 
sporen. It seema probable that the diiergeace of the two clasBea began at the 
flrBt indioalioQ of aeiual diffarentiatioD. In the lower Algm the zooaporea con- 
jngate, and the connection of the more complicate eeiual procesaes of the higher 
Algfl! with this simplest form can be readily traced. In the lower Fungi, eicapt- 
ing the CbjtridiaceiB and the My lom^ oelcs, the cells which correepoDd to the 
mother-cellB ol the soospores of the Alga are those which conjugate. 

The Entomaphthoren are perhaps intermediate lorms between those Fungi in 
which the conidia are formed in the interior o( motber^oellB and those in which 
thoy are formed b; abatrielion. Their sporangia majr be oompnred with those 
of the PerouDsporem on the one hand, and with the oooidia of the Utedineie and 
BasidioiuyceteB on the other. 

The following ia an attempt to clasaify the Fongi in accordance 
yith the present state of our knowledge : 




I. Sexual reproduction nnknown : maltiplication by cell-divisiti 
or by spores. 
Order 1. Schizomycef«s. 
Order 2. Saccharomycetea. 



II. Tlie mycelium (if present) consists of a single tnbnlar, mnch- 
branched cell ; spores are formed in sporangia : sexnal 
reproduction occnrs in the form of conjngation, or of fer- 
tilisation, the product being (except m Myxomycetos) a 
resting spore (PhycomyceUs'). 
(a.) Sexual reyroduation by conjugation. 

Order 3. Zygomycetes. Mycelinm, a tubular cell : sporea 
non-motile (the Gporauginm is sometimes thrown 
oft as aconidinm). 
Order 4. Chytridiacero. Mycelium usually absent : zoo- 
spores. 
Order 6. Mysomycetes. TTo mycelium. The plasmodinm, 
formed by the coalescence of the amcsboid masses 
of protoplasm set free from the spores, is motile. 

|(b.) Sextuil reproduction hy fertilisaiion. 
t Order 6. Saprolegniete. llycoliam, a tubular coll : zoo- 

■ spores. 
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PART rr. — THE CU3S1F1CATI0N OF PL&KTS. 

Order?. Peronosporese. Mycelinm, a tnlralar cell: loo 
spores are formed in the aporangiwn whkh is 
thrown ofE aa a conidinm. 

Order 8. (P) Entomophfcliorea. 

m. The mycelinm consists of lanlticellnlar hyphs. The presence 
of sexoal organs has been ascertained in some membere only, 
(a.) Spores formed in the a^ei of 4i fructification. 

Order 9. AscomyceteB. 
(b.) Sporet formed by abitrietion or by sirnpte eelldivixton. 

Order 10. tJstilagineEB. The spores are formed by division 

of the hyphffl. 
Order 11. Uredinem. The spores, which are nsnally of 
different Idnds, are formed by absttiction or by 
cell -division at one point only of each baaidinin, 
partly in email fractifications (perhaps aexnatly 
produced) and partly on the mycelium. 
Order 12. Basidiomycetos. The spores, which are all of 
one kind, are formed by abstriction at different 
points on each basidium in aaesnal fmctifications. 
1. The SCHEOUTCETES are very minnte organisms, of which litile 
more than the outline can be detected ; they arc therefore very 
easily confused with altogether different ob- 
1^— . j^ jects. The cells may be either isolated, and 

v3 * then spherical (Micrococcus, Fig. 84 ti), or rod- 

e ^B9^ like (Bacterium, Fig. Bib), or united int« 

Fia, SL— BeiiiiDiD7MiM filaments which may be straight (Bacillus) or 
(-600). .MioroooHmii Spirally wound (Spirillum. Fig. 84 c)- They 
pimi generally mnltiply by division, but in Bacillus 
spores are formed: certain cells of the filaments undergo divisionn, 
and the cells thas formed are diatingnished by their longer persist- 
ence, and their power of resisting injurious influeneos. Some 
torma produce colonring-mattora in the course of their life (such 
aa that cansing the rod colour of monldy bread) ; others play a 
part in certaia infectious diseases, such as Diphtheria, Cholera, 
Typbns, etc. 

Saccharomvcetes. These Fangi occur in fermenting sub- 
stances. The mycelium consists of branched rowa of oval cells, 
prrodnocd by sncceasivo budding: the cells aeparate very easily 
from each other. Spores are produced in the cells under cer- 
uun circnmatanoea : they arc four in number in each cell. These 



Fnngi tave the power of converting the sngar contained i 
substance upon which they live iiito alcohol and ourhonlc acid. 

Saecharomycn Cereviiia, the ordinary yesat (Fig, 
85). is only known in the coltivated stats in which 
it is osed in brewing, etc S. tllipioideut cmootb in 
nature on the anrfsoe of froitB, saoh m grnpea, and 
Gaoses the fermentation of their juices after the; 
have been crushed. 8. Mycoderma belonga to thia 
groap : it eiiats on the eoiface of fenneuted Studs 
and caoeea their further decompoaition. 



Tia. M.—Orowins Mill of 
TeMt {Satchatom)femC*reiniiia) 
(X300). 



3. ZrooMYCETES. Of these, the most common and the most im- 
portant are the species of the geona Mucor, such as Mucor Muecdo, 
raeemosua, dulonifer, which occur &a mould on preBerres, bread, etc. 
The mycelium is much branched, but consists only of a single cell 
(Pig. 86 m): it grow 8 in the substance and, when mature, throws 
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up ai'rial branchoe. These become enlai^ed at their free ends, 
and by the cutting oS of the enlargement by a curved partition, 
the sporangium is formed, within which numerous spores are 
formed (Fig. 86 s). On germination, each spore gives rise to a 
now mycelium, which, in its turn, bears sporangia and spores. 
Under certain circumstances the mycelium bears zygospores (Fig. 
87 z). Two branches of the mycelium come into contact at their 
free ends, and a cell in cut oS in each by the formation of a septum : 
the two cells coalesce (conjugate) to form a single cell, the zygo 
spore: its cell- wall becomes much thickened. After a long period 
e it germinates, and it usually produces a single hypha 
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PART IV. — THE CLiSamClTION OT PLANTS, 

bearing a Bporaogimn 'qnlte similar to tKoae borne hj the ordinary 
myceliam. 

4. The CarrEimACEi are amoag the lowest of the Phycomycetea. 
Some of them consist of a single Gpherical or oval cell, which iteelf 
becomcB a spor&ngiom, its protoplasm giving rise to a namber of 
zoospores. When one of those zoospores comes to rest, it assumes 
the spherical form. Conjngation of both motile and stationary cells 
hBA been observed in members of this Order, the former m Poly- 
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phiigns and Zygochytrinm, the latter in Tetriwliytrinm. Theee 
forms lire in wntiir either as saprophytos. or na panisilos npon 
nqnatic plants. The penns Synchytrinm inclndes forma which are 
panwilic npon laml-plantn, snch as Anemone and Taraiacam; in 
these the Binjrlo coll gives rise to several sporangia. 

S. MtXoUtcetes. In the mode of development of their sjnires 
theAO plants resemble the Zygomycetes, but in their Btmctnro they 
differ widely from all other Fangi. In the vegetative condition 
they do not consist of cells or bisfnies. bat they are simply massos 
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of naked protoplasm, called plasmodi'i (Fig. 88 A), creoping from 
place to place on the substratum, which may be tan, earth, decayed 
Icaros, etc. At the Hamo time a rapid streaming may be observed 
in the protoplasm itself. When it is reproducmg itself, the whole 
pliismodinim is converted into sporangia, wliich are spherical bodies 
resembling the fructifioationB of Truffles (Fig. 88 B) ; in thcBO the 
spoi-es are formed. In some cases the whole of the contents of 
the sporangium are converted into spores ; in others, a part of 
them go to form the capillitium (Fig. 88 cp), which is a network of 
filaments. On germination, the protoplasm of each epore is set 
free, and either creeps about in an amceboid manner, or swims as 
a zoospore. These isolated masses of protoplasm unite in great 
numbers to form the large plasmodia. 

^ttialiam atpticTim, the "QoKers □[ ian." occurs in tbe form ol yellov plitg- 
modia, which may be several Bqaare mchea in eitent. on apent tan : it forms 
masBes ot sporangia which are yellow esternally and dark brown mteruallj. 

Trichia rubifomit aud Didymium lerpula are amaUor forms whioh are 
commouly found in forests. The sporangia of the former are brown oval 
bodies, from 2-3 mm. m length ; they occur m gioaps on leaves or amouf' Moss. 

6. The Saprolegnies are aquatie Fungi. The brant-bed unicellu- 
lar mycelium forms a dense growth upon the dead bodies of smalt 
animals or on parts of plants which are in water. Correlated with 
their mode of life ia the fact that the reproductive cells formed 
in their sporangia are zoospores. Sexual re- 
prodnction is eSeoted not by conjogatiou but 
by fertilisation. The organs are of two kinds : 
thert; are oogonia, which are spherical cells 
each containing several oospherei", and there 
are antheridia from which protuberances are 
developed which enter the oogonia and effect 
the fertilisation of the oospheres. The re- 
sulting oospores germinate after a period of 
quiescence and develope either iooapores or a 
mycelium bearing sporangia. 

7. The Pebonospokes are parasitic npon ^^^ ^ -Hvpba of Piiy- 
other plants. Tho nnicellnlar mycelium per- iopMham iafataiu bmring 
meatoB the inlercellnlar spaces of their tissues '"^"^ pmiMiidg iroma 

' stoma (■) of the leaf nf tbe 

and absorbs nonrishment by means of special Pouto ; a tbe iporaogia 
oi-gans from the neighbouring cells. Spor- '" ""'■ 
angia are formed on certain branches which nsnally project through 
the stomata of the host (Fig. 89) : these are thrown off entire and 
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are therefore nantilly spokon of aa conidia. If they fall into a drop 
of water zooGpores are formed within them, which are aet free : 
when these come to rest tliey attach themselves to the cuticle of 
their host, become invested by a delicate membrane, and then 
germinate. In Home no formation of zoospores takes place, the 
sporangium itself developing a mycelinm. In the fornw in which 
sexual reproduction is known, the antheridinm applies itself to the 
oogoniam, and the oosphere contained in the latter becomes fer- 
tilised and is converted into an oospore. The germination of the 
oospore takes place after a long period of quiescence; nsaally 
zoospores are formed within it. 

In tbe RenUB Peroaospors, whiob ie lepresented by monj apeciea {P. pararitiea 
□n CapselU, P. ntvta on DmbellKdrffi, etc.), only one Bporangiiim ia borne by 
eacb branch of the hyphft which protnide« through a atama. In PhvtopbthorB 
the aponragin are aisplaced lalerallj by branobes which arise from the hyphiB 
beariog the BporiLDgia, at their points ot origin. To this geaus belongs P. 
injtilam, wbich prodncce the potuto iliseaBe. Tbe tiBsaei of the boat undergii 
decompOBilion in the infected parta and tarn blach : tbe myeeliam of the 
FongnB eitcnda from the ciicumfeiencs of these spota, and thiowa np byphie 
bearing aporangis through the Btomala (Fig 89). The zoospores developed 
in the apoiangia ol the parasite Sud their way to healthy plants ; the; also 
penetrate through the m\X la the tubers, and the mycelium which is developed 
trom them extondg into the young patata-pluil which grows from the tuber. 
No sexual reprodactive organs have been obierved ia this Fungus as yet. 
Phylaphlhora Fagi infects and destroys the seedlings ol tbe Beech. In Cys- 
topoa (C. eandidtu on Capaella and otLer CmciterB, C. cubieui on Compositai) 
hyphsi bearing aporangia are lormed in great numbers close together under the 
cpidennis, and caoae ite rupture : eaob hypha bears a number ol sporangia. 

8. The EsTOUOPnTHOEEa are parasitic npon Insects. Empusa 
Musat, for instance, infests hoaso-flica more especially in the 
autumn. The sporangia arc formed by abstriction &om cells which 
protrude from the body of the fly. Within them spores are formed 
which are projected against the nnder-surfaco of the bodies of 
living flies, the only part at which penetration is possible. In 
other species restiog-spores have been delected which are possibly 
of sexual origin. 

9. The AsooMTCETES hare a mycelium consisting of multicellular 
byphiB, on which a frnctilication is formed (ascertained with regard 
to some and hardly to bo doubted with regard to the others) in con- 
sequence of fertilisation. The formation of the aacosporos takes 
place within certain cells of the fmctiGcation called tun*. Free 
coil-formation takes place withiii them, usually eight spores being 
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formed Each of these snrrotmds iteelf with a proper cell-wall 
(Fig 31) sometiraea they imdergo division. They are usnally 
eitrnded from the aaci Portihsation may take place in two ways. 
In the one, two contignous branches of the mycelium become in- 
timately connected of these one which ia uanally the larger, ia the 
female organ, it is frequently spirally rolled, and is designated aa 
the lueogomiim (Fig 90 B and G as) ; the other smaller one, which 
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A portion of tbs mrMliom sitb h^pbie (c) btarln? oanidlft - 
Ihe nnidls bava olro^y (nllan aS (torn the nerigmaia (it) ; a>, a yoaog aaooeonlDin 
B AsDogomom (u) icliii t, polUsodiuni (ii), O Aoolhcr. with bypba groning Dp roand il, 
D A f rooliflcsUno Men on IhB oiMrior. S, F SecOom r* nnripo f rnoliflCBliona r « Um> 
inveaUDeDti/ Blaments aHsing from tbn ucognniiun, n-blcb aabisqileDtly btti tba uol. 
a An USUI. H A ripe ucospure (ougnifled). (Afur Bscbi.) 

attaches iteelf to the ascogoninm, ia the male organ, the pollinodiwin 
(Fig. 90 B and C p). In the other way, the female branch of the 
mycelium is spirally wound and enda in a projecting filament qnite 
similar to the trichogyne of the Florideie (see page 120), to which 
the apermatia become attached. The t^ermatia are small cella, 
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inc&puble of spontaneoaB mutioa, formed by abRtrJction iii special 
receptacles known as the gpenaogonia {Fig. 99). This oocnra in 
the Lichens. Whiliit the fertilised aacogoniam developes and ttnally 
produces the asci (which are often arranged in a special layer 
called the hi/meniiim, in which they are mingled with sterile fiia- 
meats, the paraphysea'), the auiTouadiiig' hj'pha) grow to form an in- 
vestment which wholly or partly encloses the product of fertilisation, 
and with these constitatea the frnctlfication. The fmctification 
either remains closed or has a very narrow opening', when it is said 
to be atiguiCiiTpout, and is termed a perithecium ; or it opens so aB to 
expose the asci, when it is said to be gymnocarpoa; and is termed 
an apollieeium. 

The mycelium also bears asexual reproductive cells, which are 
termed eonidia or ttyhspores, because they are formed singly or 
is rows by abstriction from certain branches of tho mycelium the 
tUrigmata (Fig. 90 A, »t). Many of the commonest forms of mould 
are the eonidia- bearing forms of Ascomycetea which bear sexual 
organs and fructilication only cinder exceptional conditions. Be- 
iidea these, in many Ascomycetea stytospores are formed by abstric- 
tion in special receptacles known, as pyeiiidia. 

The following classification of the Ascomycetes is only pro- 
visional. A great number of them, charaoterizod by a peculiar 
mode of existence, were formerly regarded as a diijtinct class, and 
known aa Lichens; these will be considered separately last of all. 
The Ascomycetes proper are commonly divided into foar groups. . 

(a) Eryiiph&F, or Mildews. The fructification, which is a peri- 
thecinm, has no hymenium : the asci are distributed apparently 
without order in every direction, and are often few in number ; the 
perithecium, the wall of which often has characteristic filamentous 
Rppendages, opens by irrogatar rnptare, or in some cases not at 
all, so that the spores are only liberated by its decay, 

SpemM of the genus Erysipbe and billed gcnen lire on the surface ol many 
pUntB. w the leavee of the Kubo, the Eop, and ulhen, and form a dolioate while 
Qlm known as mildew. The hn>hn of the mjcelium throw out minute proaeaBea 
aa Backer*. The fructiQcatioiu are visible to the naked c;e as blackiab Bpedu. 
Tbt oouidia-bearing form of an Eiysiiihe of which the tmctilication is bb jet 
imknown, wbiob has been provitionaUj named Oidium Tutkeri, livei on Ihe 
laavea and joong trait of the giape.vine, oauBing the well-known vine duMue. 

To tbi> divurian belongs a not ODconmion moold, Eurolium AiptrfiUui (Fig. 
90) : in tbia lonn the oooidis are sbstrictod in niwa on b spberiaal iwetUng ot 
the tertik bypha which bean the Bterigmata. The ooiomouest mould ii Fmi- 
tiUium fiaucuw, but it iB doubtful whethsr il belongs to tbii group. It bean 
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tufts ot biaodied hj^iliie. on vbich the conidia are formed id rows (Fig. 91). In 
this Btage it ocaura bh a greeoiBh gre; film coTering Che tiiibi'tmtuiii on which it 
graw9. each as moiat damp Bubstaaces and fluids of all lunds. The fructifica- 
tion, only Intel? diBcovereJ, is as largo fts a pin'a head and ci 
psendO'parenalijmatoiiB tiasae which is 
travGrsed and absorbed bj the ascogenouB 
bjphffi vith tbe exception ot the most 
external layer nhicli remains as a wall. 

(i) T]ie Taberaeere, or TrnfRes, 
have an un.dergron.nd, more or lees 
spLerical, completelj closed perithe- 
cinm, in which the hyroenia bearing 
the asci line the enrfacB of labyrinth- 
ine passages through the mass. The 
Bexnal organs and any other organs 
of reproduction are not known. 
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Trnfflaa; Elaphomyca granulatui, about gi^^^. ,Thorow,nf coiJdi.!np»rto( 
the size of a walnut, IB not raie. ■ hypha of tho mjoeUann x ISO). 

(c) Pyrenovtycetei. The hj-meninm linea the inner surface of 
flask-shaped or spherical receptacles, the perithecia (Fig. 92 0, ep), 
which open at the apes. These poritliecia oconrs singly or in great 
numbers on a peculiarly constructed body, the stroma. 

Among the simple forms with soUtsry perithecia mast be mentiooed the 
genera Sphteria and Sphsrella, man; species ot which appear on dead leaven as 
block spats : CalosphEeria, which forms its long slender perithecia in groups 
on the wood and hark ot oheiT7-trees ; Fleospora and Fumogo, ot which the 
mycelium and oanidia eonstitute the black film known as Smut, which occurs 
on various parts of plants. 

In the compound forms, those, that is. which have a stroma, the stroma 
forms warty incniatationa or patches ot irregular outline, vrhicb have a punc- 
tuated appearanoe owing to the numeroiu openings of the perithecia ; Diatrype 
diiexformii, which famiB black warta as large as peas, belongs to this group, 
it is very common on dead boughs ; also Nrctria cinnabaritta. which has a 
bright red stroma, and occurs on many kinda of dead wood ; Ntelria ditiiiima 
causes B disease on the branches of Beech-trees. Id other cases the stroma 
developee into an upright olub-ijbaped or branched tutted body, like the atromata 
ot Xyt&ria, fol instance, which occur ve^ frequently on the trunks of trees; 
the oonidia often appear as a mealy dust on the npper portion. Clacicrpi 
purpurea, known as Ergot, or offioinally as Secale coraulum, also belongs here. 
The mycelium of this fungus covers the yonng ovaries ot the Rye or other 
cereals which it attooks. and bears conidia whieh are imbedded in a mucilaginoua 
subatance, tanning what ta known aa Honey-dew. By means ot these, other 
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pUntB mt; become infected. In eouite ot time tlie fungUR perrades ths whole 
tiuue of the ovnr;, and aft«r it haa destroyed it. it torms a hard maas of tisaae 
ot about 1-2 oentimeCres in length and of B dark violet hue, the icUrotium, 
which ia koonn aa Ergot. This Bclerotium, after it has fallen to the ground. 
gives rise in the following fear to a («w stromata. which resemble little knoba 
bome on atalka (Fig. 93 A) ; and the perilheaia, whioh are very numerons, Are 
imbedded in tbe lisBue at the BUrfue (Fig. 93 B. cp). The aaoosporea whioh ore 
developed in these find their way to young ll;e plants, and their mycelium, 
penetrating through the leaf'Shoaths, extends to the flower, wbere again the 
Honey-dew is fonnod. The varioua spedea ot Cordjcepa infect the lams of 

((J) Tho DUcomijettei differ from the preceding only in that the 




Pia. M -Clanap* purimrH. A A Bclerotiom (e) (■ I) beuing u 
•r a itniiD* : 17 the ptrlUmla. C A pnrilliHliiiii more highly n 
npwreil, ths glangatcd <iKirM (tp) an ewaplas. (BooIul) 



hymeniam co^ 
cation which it 



B the surface of the discoid or cnp-shaped fmotifi- 
n apotheoinm (Fig. 93 A). 



1. The Phaeidiaettt grow Open various parts el plants, to whioh the amsU 
bUek tracUSoalion is closely attached. Jtkytltmd dcrrinum appears in tbc 
lonn of roDod dark tpols on the leaves of the Uaple. The mycelium in 
probably paraiitio, but the development ot the fructification does not take 
plac« nntil after the k-avci have (alien. The same is the case with Bj/tterium 
:iifjuttim, which inhabits the leaves of the Silver Fir, with H. macrotporum. 



J 



QROUP I. — THALLOPHTTA. 

which inbabitx those of the SpiuM, and with B. Finaitri, wbioh inhabits thow 
of the Fine. They cause the leaves to turn brawn and to (all off. The aj 
are Homevrbat elongated, and cause the rupture of the epidermis. 

2. The Ffciracta have fleshj or 
waiy oap-abaped apotbccia. The; 
gFDV tipon different substrata. Asco- 
bolns upon dung, some epeciea of 
Peziza upon earth, others upon parts 
of plants (P. Willkammi eauseH the 
Bo-cailed Bancer ol Ibe stems of the 
Larcb), Bulgaria, with a gelatinona 
orbicular fructification, upon dead 
branches. 

3. The BelveVacea have oBnally ^ 
clab-shapcd apotbocia, the smooth or 
reUoalat« floiface of which is covered !>; the hTmeniom. To this eroup be* 
long the (esculent) speoiea of the genua Morchella, the Morell, Helvetia, eta. 

Tie Lichens were formerly regarded as a distinct class ; but 
recent investigations have ehown that they are Ascomycetes be- 
longing to the Pyrenomy- , 
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cetcs and Disco mycetos 
whiyh are parasitic on 
Algie. These k^^te are 
enclosed in the thftllns of 
the Lichen, and were for- 
merly termed gonidia (Fig;. 
94 3). The gonidia are 
either Bolitary spherical 







cells 
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the Palmellacefe (Algaa), 
or they are cellnlar fila- 
ments : if they are of a 
red colonr thoy belong to 
the genus Chroolepns, if 
of a bluish-green they be- 
Ion(5 to tho genus Noatoo 
cr to some other genua 
of tho Phycochromacete. 
They may be either fio. 94.-Tr»njT» 
irregularly distributed ^^^^TJt'S!^'J 
thronghont the thallas, medniisrj Isj-bt; g 
when it is said to be (ri'i»im«)ortbeun< 
itomoiomermu ; or they may be arrangod in doRniie layers 



byphiB forming Ibo 
mot- like oal«ToirUu 
(Aller SuLs.; 
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mycelinm, when the thalltiM is said to be heteromerout (Fig- 94). The 
organs of reproductioa belong entirely to the Fungna, and the carpo- 
spores ore prodaced iii osci. The asci in some cases are contained 
in apothecia (in the Discomycetes) ; in others they are enclosed in 
perithecia (Pyrenomycctes) (Gymnocarpons and Augiocarpons 
Li;:hena). In these, as in other Ascomycetes, spormogonia occar; 
in the Lichens they are receptacles, probably to be regarded as male 
organs, in which itpermatia are formed by abatriction. The female 
organ, which is termed a carpogoninm, is a hypha which forms two 
or more coils of short cells in the thallus, aad then proceeds straight 
to the surface, beyond which the terminal cell projects ; the coiled 
part is termed the oficogoninm, the straight part is termed the tri- 
chogyne. It resembles the female organ of the Floridceo in that it 
is mnlticellnlar, and the same term Ls made nse of in the two cases. 
The spermatia are brought by means of water into contact with the 
trichogyne, and the conUints of one or more spennatia pnjsa into it. 
The result of this fertilisation is the development of an apotheciuni, 
the asci of which are alone developed from the ascogouinm, whereas 
the rest of the apothecium is formed by a special development of 
other hvphiB lying aroaud it. The tricliogyne takes no part in the 
formation of the frnctUica- 
tion. Lichens are also repro* 
dnced by means of soredia : 
I small groups of 
gonidia invested by hyphis, 
which are set free from the 
thallus and grow into a new 
individual (Fig. 95). 

Lichens grow on trees. 
Fig. ».-A~L 8or.dt» of 0«.« Sartaio. A A rocks, walls, and on the 
wiit>>>.bartajphB. i)A»rodiuii,iDwtiiohih. earth amongst Mossos : they 
rxtMlnm bH malUplM bj aiTiilon, c A gronp o( miiy become Completely 
u..l»i«»i»»«."»«midi» aio.™!^., 'i""' up without having 
■omiiai tha byphB in fonning so kp«i of btoitUi, their vitality destroyed. 
»dib.paddl»K.mQlUpl,ic«. fAJi«aKh..i According to the form 

and texture of the thallus. Lichens may be arranged in the four 
following groaps. 

(o) FnUiciMB Lichmit. The thallus grows erect in a shrub-like 
manner: itii internal stmctaro is the same in all parts; that is, 
there is no distinction of an Qppoi> and an under surface : the 
gonidial layer asually fonns a hollow cylinder. 
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To thiB group belong the Tarioas apeaUa of Usnea (Pig. E*6 ^), and allied 
genera v/ifh a ojUadrioal thatlua, which grow on trees. Rocctlla titKtaria 
gniwa on rooka in regions bordering on tbe Meditensnean ; from it and other 
allied Lichens litmns is prepared. Ramalina and Evemia, witb a ribbon.shaped 
Battened tlialliu, ocour on trees and wooden fences ; Cetraria iilandiea is the 
Iceland Uobs. nbiuh forms a niDoilaginoDg fluid when boiled with water. 
Anaptycliia ci'fiarii, wbiah reaembles the foliaceons Liabens, with a flattened 
Iballiig, is common on the trunks of trees, Cladonia has a sealy dcoombent 
thollus, from whiah erect branches fipring bearing llio apothecia ; dailooia 
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fimfiTiata is oommoa ; Cladoaiii rangifirina, the Bein-deet Uois, OMOia on 
moors : Bphierophonia has the same eitenial appearance, but it is pyreno- 
oarpouB. 

(6) FoliaeaoTis Liekent. The t hallos is flattened and adheres to 
the Bobstratam: the green {rarely bluish-green) gonidia form & 
single layer beneath the npper surface (Fig. 94). The margin of 
the thalluB is usually lobcd. 

Parmelia parietirut ooours, with its bright yellow thalluB. beatiag apothecia. on 
tree- trunks and walls, together nilb othec species of a grey colour. Sticia pui- 
laoTUiaa (Fig. 96 £), has a reticulated yellowish thatlus, and grows ou tree- 
trunks. PettigeiA is represented by eeveral species which grow on mossy bauka 
in woods: tbe apothecia are borne on the margin of the lobes of the thallus. 
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Umbilioaiia and Gjropliora. of a dark oolour, grow on silicions rooks. Endo- 
narpoD baa a giej thotlos with uumeroiu ua&U periChema, which appear iLa bUck 
doU : it grows on rocka. 

(c) OrusliKeoai lAehent. The thallna is nsnally indefinite in 
outline, and can often be scarcelj distinguished from the eab- 
stratniD, the fructification alone "being conspicnoua. 




and geaera are olassified aoeoTding 
Elniuture of the truclilioaUon. 

(a) IHffocarpi 



e and form 



the apotheoium is 
mnded by an outgrowtb o( the 
thullus, and in the Lecanoreie it is 
at first entirely enclosed by it, i.g., 
a the 
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Ininks of trees : in the Lecideaceic it 
is snnounded by a ridge, but is neTer 
enclosed ; to this group belong the 
common Auclliaparainna, ocemriDg 
on tree-trunkB. RhitacaTpon geogra- 
phicum, whidb forms bright yellow 
incrustations of often enormoDs ex- 
tent on siltuious rocks. The spo- 
tbeoia are irregular, sometimes linear 
in form (Fig. S7 A B) amonR the 
Omphiden. the gonidia of which are 
the rvd cells of Chroolcpus ; OraphU 
icripta is commoD on the trunks of 
Beeches. The small Calicien, which 
ore common on bark, on wooden 
B fences, etc.. have stalked apothecia, 
also the Baomycee (without an; 
ridge) : Baomycei roMui is common 
on sandy soil. 
(6) Pgr^noearpi. The perithecia are imbedded in outgrowths o( Uie tballns, 
dtlier singly or several together, as (Fig. ST C) in Pertcsaria : they project from 
the tlmllns. and are provided with a spocial black inyestment in the Vemicarien. 
Many species of cruAtaceous Lichens inhabit the highest peaks of the Alps, on 
which no other vegetation is to be seen, and they oontribule materially to the 
weathering of the rooks. When they grow on the tronka of trees, they ocoor 
more especially upon those which have a smooth surface : the formation ol 
I bazk interforei with their growth. 
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(d) Homoiomerom Lichen*. The gonidia belong to the Phyoo- 
; the tlioUuB ia nsnall;^ lobed, of a dark colour, more or 
e gel&tinons eomelinies filftmentons. 
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OaOCH I. — THAILOCHYT* 
Alga (S 

10. The UsTiLAfiiNE* are paraaitie 
the tissues of the higher plants. Thoii- 
Bporea are formed from the protopiasmie 
contents of cells of the hyphte, the walls 
of which become mncilaginons, and are 
nsually of a black colour. Theee cells 
occnr in great numbers in those parts of 
the host, usually the reproductive organs, pia, sa._A KEiaiiiiJos Lichon. 
which are permeattd by the mycelium. Cii'ima iiuipomm, dighOy mag- 
oeveral species infest our (Jereala, and 

the seeds become filled with spores. The spores germinate at the 
same time as the sound seeds, producing a promycelium which 
bears small cells, sporidia; when these germinate their myceliam 
penetrates the young plants and extends into the flowers, where 
a fresh formation of spores takes place. 

The most important and the mo9t common spocieB are Dililago Carbo, irhich 
espeoiiklly attaoke Oats, bnt other Ci!ieala uid Orassea as well; U. itaidii, 
vbich prodncpB larRo Inmouts in the Maine, fllled with spores ; VrocyitU 
occulla, vhieh fmcliSea in the leaves and baulmn ot the Bye ; Tilletia cariei, 
the smut o( Wheat; this is dangerous beoauBo the graioa filled with spores 
remain closed, and are therefore barTeBt«d with the Bound ones. Many other 
species and genera infest vild plants. 

11. The UREnisES, or Rasls, are also parasiteB : their mycelium 
inhabits the cells of various kinda of plants and usually bears 
several kinds of reproductive cells. In most of them small fructi- 
fications, termed aeidia, are borne by the mycelium, formed 
probably in consequence of the fertilisation of female organs by 
spermatia (Fig, 99 I. a and A). They project from the surface of 
the infested plant as small cups ; the interior is covered towards 
the base by a layer of basidia, on each of which there is a row of 
leeidiosyores, generally of a red colour, which have been formed by 
abstriction ; the investment of the fructification is formed by the 
peripheral rows of tecidiospores, which are sterile and which have 
become coherent. Besides these tecidia, and generally associated 
with them, are fonnd the spermogonia (Fig. 99 / ep) iu which the 
spermatia are developed ; in addition to these — but generally at a 
different season of the year — two other fomiH of reproductive cells 
occur, which are aljstricted from their baaidia singly and not i 
rowa, and the basidia bearing them do not form a definite hymenial 
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Iftyer, bat irregnlar gronpa, which break through the epidermiB of 
the host. These cells, which correGpond to the conidia of other Fungi, 
are, firstly, the uredoipore», or " aumnier- spores " (formerly regarded 
aa a distinct genos and called Uredo (Pig. 99 III ur) ; they are 
always one-celled, nsaally of a red colonr, and they germinate 
without any period of quiescence, by the protmsioD of an ordinary 
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mycelial hypha: by means of these the parasite is conveyed to 
other individualH, on which in a few days it produce* freah nredo- 
sporm. Secondly, there are the UUutotpore*, or " winter-apores," 
which are mostly black and often many-celled (Pig. 99 lilt and IT); 
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ihej aro formed in many species only in the antamn. and persiiit 
during the winter, germinating aabseqnently in a peculiar manner. 
The hj^ha produced from the apore, the promycelmm, divides into 
four cells, from each of which a minute cell, called a sporidium, is 
abatriuted, which finds its way to a host. These various forma of 
reproductive cells usually alternate ; thns the mycelium developed 
from the secidiospores produces uredosporea, and the mycelinm 
that proceeds from these (often after several nredospore-bearing 
generations have intervened) produces teleutospores ; from these 
sporidia are developed, which, when they germinate, give rise to a 
mycelium producing tecidia. In many species lieii^rCEcigiit takes 
place ; that is, that this variety of form of the reproductive cells is 
connected with a change of hosts. All species, however, have not 
so jfreat a variety of spore-forma. Some Dredineie are known in 
whicli the lecidiospores produce lectdia, and others in which the 
teleutospores pi-odnce a mycelium bearing telentospores. In other 
cases there are grounds for assuming that their life-history is at 
present but imperfectly known. They fall into the following 
natural Bubdivisions : 

(d) Pueciniea:. The t^tentotporei are oae or more-oelled on solitar? free 
atalks; seidia and aredaBporas are oIbo commoDl; foand. To the geniiH Pno- 
cicia, with a two-Foiled teleutoEpoTe, beloDgH Pueeinia gramitiit (Fig. 99), Iba 
Rust o( Wheat ; the uiedoBpores ((oimerty called Credo lintarii) form led 
atretki on the leaves and haulms of cereals and grasses ; in the aalnmn the 
teleatoBporea appear in aimil&r streaks, hat they ue bladi ; these germiiiBte in 
the following BprinR eiclnsivelj on tbe leaves ol Berlieris where the scidia 
appear in led swoUeD pstchea (fornterlf known as jEeidium Serberidit) ; the 
tecidiospores are conveyed to Onuses, and there give rise to a mjoeUum vitli 
nredosporea. the Bust. The same processes take place in P. iiraminii, the 
acidia of which are formed on Borages ; and P. earonata, the ncidia of which 
are formed on Bhamnas. These three forms of Rnst cannot gn>w on Qrasses 
unless their scidia have been previous!; produced in the spring ; henae their 
appearance depends on the presence ol plants which are suitable for the develop- 
ment of the lecidia. Of P. ilalBaceartm, onl; tbe teleutospores ore Imown ; the; 
are constantly reproduced from the mjceUum which they form, so that no 
alternation occurs. P. Canpoiilarum has all these difTerent kinds of spores, and 
piodaeea them on the same host. Uromjrces differs from Puoctnia only in having 
one-celled teleutospores ; U. Btlm is tha Bnst whlab grows od the Beetroot :— to 
this genus the eeeidium may probably be referred which is formed in the leaves 
of Euphorbia Cypariiiim (probably to U. Piti, the rust of the PapilionaoeEe, or 
to O. icuUllalu4. that ol the Euphorbia!), and causes a oonspicaaua enlargement 
of them. The scidium -mycelium is perennial in the rhiEome ut the Spurge. 
Pbragmidium. with maoy.celled teleutospores, is conunou on tbe leaves of the 
Bose. Blai'kbeny, and others. 

{b} G smaoipotangica. Tbe teleotoBpores are two-oelled. on stalka which ue 
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> a. gdatmoDB mass ; the mjoeliam which bsftra them ia peremi 
the braaohes ol somB Cooilem, psrticolarlf ths apeaies of Juniper ; telentoapores 
ue [ormed la the spring and ecrmiuate on the leaves of Pomaoes, on which the 
large tccidia, which open in a peculiar manner, are tonnd in samioeT. Gymiio- 
'porangium fuieum occnis on Janiperui Sabina, the a!oidia (known aa liiiitetia 
canctllata) on the leaves of Pears: 0. tlavariaforme on Juniptrai fummunit, 
the roeidia {Itasttlia lactrata and fenKillala) on the ieavea of Apples and Haw- 
tboma; G. cnnicvm also on J. connunif, And the scldia {R. cornuta) on the 
Mountain A.sh. 

[e) ilflampioreit. The Ulentosporea are maof-celled. and are united together 
into a firm palisade- like lajer ; the scidia are for the most part uaknown, but 
the uredospores of many forms have bean found. Melampsora has black lajera 
of telentospores ; M, lalicina, popalini, Lini, attaek the plants vhose names 
the; bear. Calyptaipora OSpperliana oaoasions cOD9piauoas avellings on the 
Btema ol Vaecinium Vita Idaa. C/iryiamyxa AbitCia, with gold-floloitred 
tflleutoBpores, appears at the end of April on the second year's leaves of SpniMs, 
uid, as they eerminate, the; infect the young leaves. Coleosporium, likewise 
with flold'Colouied teleutospores, grows on many herbaceons plants, ^cidium 
Piai forms a perennial mjoelinm in the loaves and bark ol Pine-trees, and bears 
ID the spring its Kflidia, which have a white investment; it belongs to Calio- 
tporiam Scnfcioni4, s common species, which bears nredospores in the sanuner 
and teloutospores in the autumn on Srjucio lylvatieut. The innoculation of 
Pines can only be cQccted by means o( the teleutospores formed on Senecio. 

(d) The Bndaphyltea bear only lecidia which reproduce themselves without 
the interveutioD of any other form of spore. Endophyllan Sempervtei grows on 
ibe leaves of the Houae-teek, 

(f) Imptrftetlj/'knoan ^cidia. which do not directly reproduce themselves, and 
most therefore possess teleutospores ; the relations of these are not as yet 
kuown. To these belong ^ddium elatinum, wkieh inhabits the oortex of the 
Silver Fir, and sanses large orab-Uke excrescences, as well as the monstrous 
growth ol twigs, known as " Witches -brooms," on the leaves of which the 
seidi* appear. <Ee. ^iirliniun occurs on the leavis ol the Spruce in mountain- 
oni districti. Mc. itrebilinam. on the aanlea of SpTaoe-coaes. Ca^oma is also 
regarded as an Bcidium ; the bymenial layer is not enclosed by any investment. 
C. pinitarquuia grows on the branohes of yoong Pines, often on one side onjy, 
so that they become beot 

12, Ba3idiomtceteb. To this gToap belong most of the laarger 
Fangi commonly known m Maslirooms and Toadfitoola. The 
mycelium consists of delicate white strandti of hyphte, which per- 
vade the Bubatratum npon which it pT-ows, and the part which is 
osually recognised as the Fan^os is the fructification, that is, the 
iirgan which prodnces the cjinidia. It was formerly thonght that 
this fracti£cation was formed, ae in the Ascomycetee, as the retfnlt 
of a process of fertijisntion t«king pluce in the mycelinm ; but most 
careful investigation has failed to detect any trace of a sexo&l 
DDMieRa; the frnctitication ia aimply formed by the outgrowth of 
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certain parts of the mycehnm In view of the high organization 
of these Fun^ it may be reaeona'bly aasomed that Beiaality ha^ 
here gradually disappeared 

The cotiidia are formed in or apon the fmctiGcation on ba- 
flidia, which together 
form the hymemnm, 
theba8idinm(Fig 100 
0) nanally bears at 
its summit foar smaJI 
Blender atengmata 
from each of whitli 
a comdinm is ab- 
Btricted 

(a) The Trenielh 
nece, or gelatmoua 
Fungi, have baaidia 
resembling in form 
the proraycelinm of 
the Uredineie. The 
fructification is Boft 
and mucilaginous ; ila 
surface is covered by 
the hyraenium which, 
at the time of the 
formation of the con- 
idia, looks as though 
powdered with white 
dust. 

Tremella meienlerica, 
vith irreenlarl; fimowoil 
tructifi cation ; Eiidia Au- 
ricula Jada, a spongy 

Fungus growing on Ihe Uio pUsni. sliowing Uia lame 
Elder, with > broTmsh 
bucttfi cation somewhat 
icBemliUng tlie sliell of an „ 
ear, and others, are not di 
tare on rotten wood. ImllonolT. (Attsr Smclu.) 

(6) EijmenoniijcelM. The structure of the basidia 
that above described; the fructification bears the hjrmeninm on its 
upper surface, which is very varioas in form; the very numcroua 
forma are accordingly subdivided into: 




highly maijnlBed (x Wl); g young 
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— THl OLABBinCATIOB OF FLAKTi). 

1. Thelfphorta ; the Burfnce bearing Ihe bymemam U extended over the 
BnbBtTBtum OB a omst, or eliie foims the amootb imder-anrfaos of a hat-shaped 
tniatiSoBtion. The Bimplest torm ia Exoba$idium Vaccina, nhioh ia parasitic 
on the leaves of the Bed Whorttoberr;. and very oommanly covers them with s 
nhitiab crust. Corticiom forms omsta on the bark of trees ; StereDm bae a 
hat-abaped fmctiSoation whiob, when acen from above, bears same resemblance 
to Tarioufl npeoiea o( PolTporua, hat it bos a smoalh bjmemal surface; it in 
eommoD on trnnia o[ trees, palicgH, eta. 

3. ClauaTtta. Tbe byaemum olothes the amootb aarFaoe of tbe fruetifica- 

tion. irbieh ia cylindrical, or olub-ahaped, and often branched. The genua 

Clsvacik has many speoiea ; C, Jiava baa a aolphur-jellow, oorot-ltke fructifioa- 

I tion wbieb is edible ^ig. 101 A) 

I ria.101.— JBnndioICImanailaMliiaLBlia). B rrmMiMiiaBol Byinim imMabtm ; 

I It piloktai 1 1 anlM of tha apper snrhoe H nat. sUe). C IiDogltaiUiul MOtiOD thraogh Iha 

I (roctiOoaUan of ■ Polyportu i p Ihe lobw otottaMl with the hjmBUltui ; U» tabs tbow oa 

Ui« aadar larfKC u porei (| ut. tfuX 

9. tlydneit. The hymeoium co*en priokl; projefltiona of tbe tmotiScation. 
which is either a omsl or ii bat-shapod, and is either attached laterally or 
stalked. Hydnum imbritalum ia eatable : other species have a fleshy pilous 
with a central atipe [Fig. 101 B). 

t, Polypor/a, Tbe hymenium clothes the innrrr surface ol tubes, vhiob are 
oltbcr free or, more often, connected into a layar which covers a portion of tbe 
(motificalion. The fruotifloation of Poljporas and Trametea is generally 
attached laterally, nnd ofton of a horae-ahoe shape (Fig. 101 C). P. fommtariui 
ia Qsed in tbe preparation of what is known in England as Oerman tinder; 
P, officinatU is nseil in medicine as Fungui Laricii ; tbe mycelium of TrantUi 
Pini ftllaoks the heart'Wood ol Ptnes and makes them decay; T. radieipiTda 
tMHnr* in the root* and tower part ol the trunk of Spruces and Pinea. eaoiini; 
their deetmction. Dedalea occurs on old oaks : its tubes anastomose and form 
a labyrintb. Tbe mycelium of ilfrrutiui larrimani penetrates the timben of 
honaca and causes them to decay (Dry Bot). Bulctua has a Qeaby stalked pden*. 
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from irhitili tbo hjnieniEiI lajfer ma? be eseily Mpanted. Bolelut edulU and 
icabiT are edible ; B, Salanai and otheie aie poiBonaua. 

6. Jpariefnii. Tha hTmeniam clotbeB Bpeoinl UmEllirorm ontgiowtba of tbe 
fnioti&aatioD, irhicb commoulj aBBames tbe foim of a stalked or Beeeile pUeaa. 
Tbe Btolked forma are either naked from tbe first, or IbDj ore eDoloBed at an 
earlj stage in aa investment nliiob remains after tbe full development of tbe 
fructification as an appendage of one fond or another. An iureBtment which 
at firvl snrroanda the whole pilena and etipe, and, at maturil;, aarrounds the 

base ol tho stipe like an , .-. » 

.l,«.h, „ i. An,.™,., i, ^ ^^ i i.-^ttV C 

culled a velum univenaU 

(Fig. 102 'A B v) : while a I 

iiflum fOTtialf only corera 

the onder sniface □( the 

pileuB where the Umellffi ore 

borne, and when this is 

full; developed it is repre- 

aented only by fragmentii 

banging from the margin or 

forming a ring ronnd the 

etipe (Fig. 103 C a), e.g.. 

Agarieut eampcitrit and 

proeena : in the Fly-toad- 

atool, ^manila i 

both kinds of volam are , 

present together. BeaidcB i 

these conHpicuouBoharsclerB ' 

tbe colour of the ooaidia ia p""^*'" (t "»'■ ■!»")■ 

also of importance for diatingmahing tb»apedes; this is easily discovered by ' 

laying the frucCiliealion, on white or black paper, which beoomes ooverad with 

the cooidia nUch fall out very readily. 

The great genua Agaricns (the lamollated Fnngi) has latel; been anbdiWded 
into several geoera. In Coprinns the Iraetlficntion very soon undergoes dis- 
integration, forming a black ahicy finid ; Laetariue containB milky juice (latei). 
In Cautharellus tho lameUs are prolonged down tbe stipe. Of edible species 
the following may be named: Cantharellvi eibariui. Laclarita deticioiiu, 
Agarieut eampeitrii, the Munhroom, A, procerut, distinguished by a moveable 
ring, and A. Cmareiii ; the poisonoue species are LactiiTius lorminoitii and 
Agarieui or Anxaaila miiieariiu. A. melleui baa a peculiar mycelinm, matted 
into strong shining black cords, formerly regarded as tbe genus BhiEomoipba, 
which lives in the bark of trees and kills young Conifers, particularly Spruces 
and Pines ; it gives ofT subterranean brancbes which attack the roots. 

The fructification of other species is of & bard leathery or woody consistency ; 
these live commonly on old wood; such are Fanus, with a small pileua 
mounted on an eccentric stipe ; Lenzites. where the pilene is Enteral and sesiule ; 
Marasmius, tbe elegant piloi ol which are often seen on the leaves of Conifers 
which have fallen off. 

(c) Qailfomyeetea. In these, aa tlio name soggeats, tlie lijmeninm 
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IB enclosed 'within the fructification, the intem&l tissue of which 
forma nnmerous cftvities or chambers, the dividing walls being 
known aa the Irama; the hymeninm clothes these cavities, being 
attached to the trama. When the fructification is ripe, great 
changes commonly take place in this internal tissne, which have aa 
their object the dispersion of the eonidia ; the external wall (peri- 
dium) nsoally consists of two layers. This group is suVxiivided as 
follows, according to the modifications nndergone by the internal 
tissne and the character of the peridinm. 

(a) The Hymeiwgattrftt, in which the chambecE and hynieiuum are persistent ; 
these kre tmS9e-like undergrounil Fungi. 

{b) Lycoptrdaetit (Puff-balls) ; only a (ew etroni; tlirpsda of the mtemal trnma 
tenuun, forming the eapiilitiam, with the isolated oonidla between them. In 
LfCoperdoD the ontei peridiom scales olT, the inner splits open at the top, uid 
the Bonidia escape ae a cloud ot duat. In Qeaster tlio oiiIeF peridium splits in 
a star-shaped manner and rotla back ; the inner opens b; a bole at the snmmiL 

{c) The NiduUtriea have a vase-shaped fructification nithin nhioh the 
chambers become isolated, ftumiDK small hard boiIie«. Ciacibalom and 
C;athus are not rare on rotten wood. 

(d) Thi PhaUoidea. The peridium consints of three lafcrs, and after tbe; 
are ropttued the whole internal tissue is elevated on a stalk and becomes an 
ill-smelling maoilaginoos mass containing (lie ooniilia. PAuIlui impudieai is 
poisonoui and ooonn among brushwood. 



GROUP II. 
UV&CIHEM. 
In this gTOnp we Rnd a sharply defined alternation of generations 
which, in certain points, agrees with that of the following group; 
a sexnal generation — that is, one which produces semai organs — 
alternates with an aseinal generation, which produces only spores. 
The germinating spore gives rise to the sexual generation (the 
oophore), the Moss-plant, in some cases directly, bnt in most cases 
after the formation of a filamentous growth, tl)e prutonema. In the 
lower forms this generation is a thallns^ bnt in the higher it consists 
of Bt«m and leaves, and is capable of repeatedly developing sexual 
organs. Prom each oosphere an individual of the aeeinal generation 
(the sporophore) is developed, which continnes to be supcrBciatly 
connected with tho original Moas-plant, and assnmes the form of a 
stalked capsole which is commonly known as the fmit of the Moas; 
this body forms aporea, without any raniification or repetition, and 
ita vital activity ceases with the ripening of the spores. 



Since Mogses have a distinct stem and leaves, bat no trac roots 
nor vasctdar tissue, they take the lowest rank among the Cormo- 
phytes. 

The male organs, as in all the higher j- .r?.. ,_ 

Oryptogams, are called Antheridia, the 
female, Archegonia. 

The anllieridia are Bpherical, ovate, or 
club-shaped bodies, with long or short 
stalks (Fig. 103) ; the eiternal layer of 
cells forms the wall, while in each of the 
internal celle, which are small and very 
nnmerons, an antherozoid is developed. 
The wall ruptures at its apex when it is 
moistened, and the mother-cells of the an- 
theroKoids are set free ; they snbseqnently 
discharge their cootents. The anthero- 
zoida (Fig. 103 c) are spirally- wound fila- 
ments thickened posteriorly ; the anterior 
end is furnished with two delicate cilia 
by which they move in the water nsnally 
present in the capillary spaces between 
the leaves of Mosses. 

The arebegania (Fig. 104) are flask- 
shaped bodies, dilated at the base and tor- p,^ „ 
minating upwards in a long neck. An nca. a 
axial row of cells is contained in each g*".^" 
ai^hegonium; the lowest cell, which is the Mroneiy 
loreest, is the oospliere, and the remainder "■"tLer-wii ; ti 

^ 1 "' PDljWcbum ( ' eoo). 

are aanal-eeUg : the latter are diHmtegrated 

shortly before fertilisation, so as to form a slimy mass ; the four 
oppermost cells of the neck, the atigmatic cells (ni), separate, and 
the antherozoids pass through the opening into the canal and 
reach the oosphere, which becomes snrronnded by a membrane as 
a consequence of fertilisation. 

The sexual organs are often solitary, but are also frequently 
collected into groups which sometimes consist exclusively of arche- 
gonia or of antheridia, but sometimes of both. These groups, 
known sometimes as Moss-flowers, are occasionally surronnded by 
special investments, the perichtBlium and the perigyiiium, consisting 
of modified leaves. The hair-like organs which occur at the inser- 
tion of the sexual organs in the&e so-called flowers ore the j>ara- 
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I eecond or apore-forraing generation (eporophore), 
■iini, is immediately developed from the fertilised 
oosphore. The base ot the aporogonium penetrates more or less 
into the tissoe of the Moss-plant, and is even nourished by it, bnt 
the oellB of the two generations are not in organic connection 







Fia. IM. — I^iHuirl* hvgnxix'Tiu. A 
haagUaihaaA sectlop of iho luminit ot b 
wak tbiiule plut ( ■ lOO) \ a (rcbegDIll* ; 
i Imth B An arch^DDliun < ■ UO) i 
ft Tantnl ponkm irlUi Ibi oiwphon ; k 

tha axial nnr am beginning to be con- 
vanad Into mapilace. C Tba part iwar 
Um apaOt ot tba niek at a (orUlixut 
anbiffnnluni with dark tad eoU<wa1li. 
(AfMrSaeha.) 

with OBch other. 



r B IM— rVfiarla huiTKxuiWca d Origin of 
tba (poroganlum (//) In lbs Tintral portion 
(( b) of Uw arcbenoDlam Pong Cad nal aacUon 
■ 100). B C DlO^nnt tnntaEr Hagn tit da- 
Talopmant of tba aporo^aium (/) and of tho 
caiyptra {o)i h cBck of tba arcbegoEiktun (■ 



The wall of the archogoniDm, within which the 
doTelopment of the oospore into th« sporogoninm proceeds, con- 
tinnes to grow for some time, and sorronnds the young sporogoniiun, 
when it ia called the ealyptra (Fig. 105 c h). At a later stage it is 
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raptnred in differeat waya according to tlie family to wliich the 
lilant belongs, and the remains cling to the baee or to the apei of 
the aporogonium. 

The eporogontnm assiiines, sooner or later, the form of a capsale 
with a more or less elongated stalk (seta). Certain layers of tissae 
within the capsule give rise to the spores, hy division of their cells 
into foar. In the tme Mosses and in the Anthocerotete, a central 
raasa of tisane ia left which does rot give rise to spores, and is 
called the eohimeUa. On the other hand, in many of the Liver- 
worts, some ceile of the spore- forming tiasue do not give riae to 
apores, bat form the elaters, which are cells nsnally having a spiral 
thickening on their inner snrfnce. The sporea are in many cases 
sot free by the decay of the wall of the capsule, bnt in general the 
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capsnle splits open, either in segments from the apex to the 
or irregularly, or the npper part of the capsule comes off like a lid 
(operealum) ; in most of the trne Moaaea there is an opercnlnm 
which, from the first, is differently constmcted to the rest of the 
capsule. 

The sporea are spherical or tetrahedral ; their celi-wall consists 
—as also in the following groups — of two layers : an outer and 
tougher one, the exotpore, and an inner and more delicate one, the 
endu»pOT6, On germination, the outer layer eplite open, and the 
cell, Barroondcd by the endospore, grows and divides, a procera 
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vhicli in most oases leads to the formation of the protonema, nhich 
is either a network composed of filaments of cells containing chloro- 
phyll, or else a flat, green, cellular body. The rows of cells form- 
ing the protonema are lateral appendages, which are either limited 
(Pig. 106 B b) or nnlimited (Fig. 106 B h) in their growth ; it is 
tbns the simpleet form of the Moss-plant. This is most conspicnons 
in the cases where it passes directly at its apes into a Koss-plant. 
More treqnently this transition takes place by means of lateral bnds 
(Pig. 106 B K) which arise at the base of a limited lateral branch. 

The branching of Mosses is never anillary; the lateral shoots 
Dsnally arise hy the aide of or below the leaves. 

Many of the Mosses have organs for vegetative propagation, 
commonly known as bulbihi or gemmae, and besides these special 
organs they are in the highest degree capable of vegetative mnlti- 
plication by simple branching and innovation ; indeed, the forms 
which are of most frequent and extensive occnrrence, e.g., Eyloco- 
miam triquelrum, increase chiafly by these methods and rarely 
produce sporogonia. 

The groap is natnrally divided into two classes which are dia- 
tingnished principally by the following charactere: — 

Glass III. Eepali<xB {Livertoorls). The capsnlcs never open by 
the separation of a special opercnlnra ; they are either foar- or 
two-valved, or they open irregularly by the mpture of the npper 
portion, or they do not open at all. In most of the orders elatt-is 
are found among the spores ; a columella is present only in the 
AnthocerotoFe ; the spores ripen whilst the capsule is still enclosed 
in the calyptra. The calyptra clings, after its ruptare, to the base 
of the capsule; the plant of the first generation is a thaltus, or a 
stem furnished with leaves, the leaves being formed of only a single 
layer of cells ; the stem is always bilateral ; the root-hairs are 
nnicellalar. 

Class IV. Mum {True Mouea) The capsnle usually opens by a 
distinct opercnlnm; elaters are never present, but the columella 
always, at least in the early stages. The calyptra is nsnally 
mptured by the capsule long before the spores are ripe, and is 
elevated upon it. The plant of the first generation is a stem 
fnrnishod with leaves which not nnfrcquently have a midrib of 
several layers of cells ; the stem is not usually bilateral ; the root- 
hairs are mnlticellular 
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Class m.— HEPATIC^ (LTVERWORTS). 

The capmle vsKalhj epUle into four valves; elafers frilh gpir-il 
thickening are almost always present, bul lliere is usualli/'ao col-umella; 
the ealyplra remains attacked at the bate of Ike capsule. 

The plant of the first generation, in Bome of the forma belonping 
to this claw, iiB Eictualiy a lenflcsB thalJos; in others it is a tballoid 
stem, furnished with small scale-like leaves ; others again have a 
stem bearing green leaves. The iirst two are said to befrondose, 
the last foliose. The froadoae species cling closely to the surface 
on which they grow, and are conseqnently bilateral, the two sides 
or surfaces differing considerably ; the cells of the npper surface 
contain much chlorophyll and are generally protected by a distinct 
epidermis, those of the under surface contain but little chlorophyll 
and alone give rise to root-hairs. The foliose forms also frequently 
creep over the substratum and exhibit various forms and arrange- 
ments of their leaves corresponding to their mode of life, la 
correlation with the bilateral structure which obtains thronghont 
the whole class, the leaves are of two kinds; inferior leaves, which 
are inserted upon the side of the stem which is m contact with the 
substratum, and which are imperfectly developed ; these are the 
only leaves bome by the frondoae Liverworts which have any: in 
aildition to these leaves (called in the foliose forms am^^t^asfria) 
the foliose Liverworts have two rows of lateral leave*, which are 
insert«d upon each side of the upper surface of the stem. 

This class includes four orders. 

Order 1. RicciEfi. 
The archegonia and anthoridia stand isolated on the upper side 
of the thalloid stem. The capsule is spherical, usually sessile; it 
contains no elaters, and does not raptitro. 

Jiiccia ^uilani has a beautifnl dicbotomonHly.brBnohed stem, and R. natani 
■ bto&d lobed atem; they uccur ooeiKiomUl; in water; J?, glaaca (md other 
(pacies occur on fielda. 

Order 2. AiTTHOCEBOTKa. 

The thallns, which contains much chlorophyll and is Irregularly 

branched, creeps on the ground. The archegonia are imbedded in 

the upper surface. The capsule is long and thin, like a pod ; it 
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BpUtd open from above into two long valvea ; it containB a columella 
and elatera which have no spiral baada. 

AathoctToi lavii (Fig. 107) and punc (nliu are found 
oa loun; and sand; fields and woodland clearingB; 
they aie not common, bnt where the; odcoi' tbo; grov 
ia oonBidoiable quantitj, 

Ordor 3. MARcnA>TiEf. 
, The archegonia and anthcridia are nsually 
. collected respectively into groups on special 
ijDi miuiwuEu. upright, ninbrella or hat-shaped hranchee, 

the receptacles (Fig. 108 A hu), of the thaUoid stem: the atom 
bears on its tipper surface nnmepona large stomata, and on its lower 
rorface two rows of scaly inferior leaves and a number of root- 
hairs. The capsole contains elatera and opens irregularly, or by 
four valves, or by the removal of its upper part. 





Wia. loa— PonJon of a ateni of Vanhantia ftlfmarjilia (1), 'llh Uu nprlgbt mule »- 
npUclB (beariDg ulberldla). B PotUdd of ■ Uom with a nn^lacls conlKining KemmB ; 
(KBplea* d( Uio two bntnobu. (AfWr Baohs.) 

ttarcKanlia polymorphs, which ie very onmmon an pnlliR. on walls, and in 
peat- cuttings, has a thick, orespiag, dichatomoasl; -branched stem. The 
anlbcridia ata borne on the upper aide of tunlirella- shaped bnmcbcB (Fig. 108 
A An), and the archegonia on the under side of liimlar radiated reoeptaoles. 
Besidsi UiBM tbe Ht«ni produces Irom its npper surfiuv cup-sbnped vesseU 
•ontainine gemma iPig. 108 B). Fegatilta conica u timitnrly provided with b 
Mttical reoepUcle : in lirltaiitia hrmiiph4priea it is temi -globular ; these plants 
0««niT on locis and damp walls, partiaalail}' in moontoinous neighbourhoods. 

Order 4. Jcnoermaksie*. 
The rnpsnle Bplita into four valves from the apex downward* 
Elatera are present. 
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(tt) A'lacrogynte. The archegonia are not bome at the apei of 
the thalloB or Btem, but on. its upper Bnrface ; they ore snrroiinded 
by an involucre formed by the stem or thallna : they eice nsaaJly 

frondoee. 

MeUgiTia furcata hna s narrow dJohotomoaaly-brenched thallns oonBisting of 
a Btngle layer of celU, vhich in trnverHed b; n midrib coneiBtitig of manj lajera ; 
it giowB very oommonlj' on tree-tnmka. tint it rarely fractiSes. Ftllia tpiphylla 
has a broad thallua, consisting of several Uyeis of cells; it ia Dot anoommoD 
by springa, oa damp tocke, etc. Antura pinguii aod other species ocoar in 
similBT localities. Blana puiilla bas a Iballoid stem ; it grows oa damp fields 
and b; ditches. 

(6) AcTogynre. The archegooia are sitnated at the apex of the 
stem or of certain branches of it, and are snrronnded by a perianth, 
thftt is, by leaves or part of leaves which 
form an inve.stment. The stem does not 
usually bear inferior leaves, but always two 
rows of lateral leaves; these leaves are 
either bidentate at the apex, or bipartite, 
and sometimes (Frullania, Radnia) are com- 
pletely divided into two lobes. The inser- 
tion of the lateral leaves ia at first trans- 
verse to the long axis of the stem, bnt it 
becomes modified by the unequal growth 
of the stem, so that the leaves come to be 
sitnated either oa the lower {Jolia ««ccu!iu) 
(Fig. 109), or on the upper (JuUa ineitha) 
surface of the stem. 

Jungermainia bieutfiAata and many atber species p,Q, 1M. — BMm or PIii«is> 
are oommoa on damp soil and on the tninlcs of trees. cMin uijiniiouln. a A rips 
PliiaiD<!/iiIaa»p(CTiioi((c» (Fig.lOe) isnot oncommoa i*p«nlo : b on» thai l;ai 
ia mouQtBin woods. i{aduiae<nnplona(a has asmall "penwi p enun 
stem, densely covered with leaves, which creeps over tree-trunks and bonghs ; it 
is very common. Fntllania dilalaia and Timariici, with small and elegantly- 
branobed stems of a biawnish oi puiple ootour, also grow on trunks of trees, or 
on the earth, in damp, shady places. 




Class IV.— MUSCI (TRUE MOSSES). 

The eaptule utually opeiu by the removal of a dUlinet operevim 
Ehileri are never preeent, the columella alieaijs. The calyplra 
utwUly carried up by the eapsvle. 
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The Moss-plant Always consiaiiB of a Btem fumiated with leavee, 
which are all of the same kind ; its branches creep on the earth or 
oIbo on trees, or they form dense plots. Bilateral Btmctnre does 
not very often occnr. 

The Class may be divided into fonr Orders : 

Order 1. Sphaqnadea (Bog-Mosses). 
Tlie spherical capsule contains a hemispherical colnmellat and 

opens by the removal of the upper portion of its wall ; the calyptra 

remains attached to the base. 

The only gonns Sphagnnm (Fig. 110) in 

species, which all live ia damp woods, and 
moors, forming extonai' 
branches, which are di 
leaves, envelope the main 

well as the cortex of the et«m, cootain large 
CL'lIa filled with water, the walls of which are 
perforated; by capillary attraction water is 
convoyed throngli these open cells to the top- 
moat point of the plant, The lower portions of 
tho quickly growing stems die off and form 
pent. The shortly-stalked capsule (Fig. 110 
A') is raised by the elongation of the stem 
which bciirs the archegoninm ; this mach re- 
sembles the stalk of the capsule (seta) in the 
true Mosses, but it ia not of tho same nature ; 
' it ia called the jiteut/ojioJ/itrn. 




;liides a number of 
more particularly on 
e soft plots. The 
nsely covered with 
stem: the leaves, as 






Order 2. Akdheaaces. 



The columella is columnar in form, free at the top. The capsule 
Bplit« into four valves, which remain connected at the base and 
ftpex. The calyptra ia raised up as a cap upou the capsule. 

Tlia Renus Androiea (111 h] live? on nwka among 
the Alpi and olber high mnunluna. The dongated 
uid branchvd sterna are clasel; covered with leavua. 
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Order 3. Puascacej:. 



Tji^tl.'s)^»hmHo('i"">C« ■^''^ capsule does not open at all; the 
aiHiii, miti (K]ca[HiiiB(ui. colnmeUo., in this order and in the follow- 
**"•■ ing. ia connected with the wall of the cap- 
sule above wid below. The spores in Arehidium are formed from 
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one of the cella of the colmnelia : the calyptra remains at the 
base of the sporogoniani. 

Phaicum cuipidatum, Eplifmerum atrratum (Fig. Ill a), uid Archidium 
phaKoidei are minute Kfossefl a tsv miltimetres in height, groHing in fields and 
ripening theii capBules in tbo spring. 

Onier 4. Buying. 
The colnmella is connected with the capsule both at the top and 
at the bottom ; it ie immediately a nrronndod by the spore- forming 
tiaane (Fig. 112 s); between tliis and the wall of the capsule there 
is a large cavity filled with air (Fig. 112 ft) traversed by filaments 
o! cells containing chlornphjlt. The capsule opens by the throwing 
off of an opercalam, which is from the first constmcted differently 
to the rest of the capsule Certain layers of ceUa of the internal 
tissne of thii operculum I'emain in connection with the walla of tlio 





luitg leafy |>lnnl (j), Hlth the cslyptn (c 
m I I lu Hta 1 / tbo citpiule ; c the a 
IJtB tt lymmfltricallj ; d Dpercaliun ; a u 
the prliuu^ mothor-oellfi of tbe aporea- 



capsule and constitute the peri'alome, which has a characteristic 
form in each different genus. In Tetraphis it consists of four hard 
teeth, for which the whole of the iuternal tissue of the operculum 
is utilised ; in most genera there ai-e 8, 16, 32, or even 64 teeth, 
formed by the thickened cell-walls, which are frequently arranged 
in two rows, oue within the other (Fig. 113), and which originate 
from two different layers of cells. In only a few genera, e.g.. 
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Gymnostomnm, are the^ wholly 'wanting. The oalyptra is elevated 
hj the growth of the capanle and covers its apex like a cap; the 
aapanle is generally elongated. 

The loaves, wliich conaiat of a eingle layer of cells, are traversed 
by a many-layered midrib in many species. 

Some of the genera bear the female flowers and, consequently, at 
a later stage the capsules also, on the apes of the main sterna ; 
others bear them on short lateral branches ; although this difference 
nf position cannot be regarded as an important syBtematic distinc- 
tion, it may serve as an indication of allied forms. Thns the Bryinro 
may bo divided into ; 

(n) Aerocarpi, bearing the archegonia at the apex of the stem ; 
the capsules, however, often appear as if 
thoy had been borne npon lateral shoots, 
for lateral shoots develope later and dis- 
place the main stem to one side. 

Dicranam icopariuat, »itb sickle -absped leaves, 
ig oammaD in wooill, Leucobryam glaueum haa 
leaves conEUtiDg of aeveial layere of cells, whleh 
resemlle tbose of Spbagiiiim m their atrnoture ; it 
oooum ia Pine-noodB and on moorB. Ctratodon 
purpureai, with ■ red sots and a shoTt Btem. 
IB v^r; common in variom localitio. Barbula 
mtiraUt growii in palobes oa walli and rooks; 
the midrib of tbe leaves ia prolonged inlo ■ 
hair. BO Ibat the patobes of Mois look greyish. 
Tttrafhit ptSlacida has bright green leaves ; it 
grows on de<iay»d troe-trnnkg, and beue gemma 
of peouliu form, On'mntta pulcinata oooura in 
round grejriBh-green patches : Ibe cspsules have 
veiy short setn. OrlhoMchum ipeeiotim and 
other species have also shortly-stalked capsules, 
and are oommon on Ireos. Funaria hytrtnnetriea 
{Fig. 112) has anobliqne. pear-ahaped oapsnle; tbe 
long aetn have the peculiarily of aontradting into 
a spiral on being wetted and dried; it is common 
on walls and paths. Polylriehuin fonaoium (Fig. 
114) and other apeciea aio the largest of our 
(nai. aiuL * indigonoas acrocarpous Mosses; they hava large 
dark green leaves and long hairy calyptrn -~' — 
woods aud on heaths. 







(&) Flewroearpi. Tho ftrchegonia, and sobseqnontly the capsules 
m bome on special lateral hmnr^bes. 
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FofUinalU afitipyrniea floats in water. Hcekera erUpa, with flat oatapreading 
leaves, grows od rucks. Thuidium abietinum and othet spcoics grow in woods ; 
tbe^ have regular, pinnate]; branched steins, and Ter; small, cloaely-Bet leaves. 
Leueodon iciuroidti is very common on tree-tninka. Brai-hylhecium mlabulum 
ia common ia nooda. Eurhi/nchiuin pralonffum, vith long creeping atoms, 
oocnrs in woods and damp gardens. Ili/pnum eupreiiiforme ia vary common on 
tree-trnnks, and H. cuipidalum and ffiganlium in bogs and dilcliBB. Hylo- 
eonia/n Iriqiulnim is very oommonly used (or garlands ; this and U, ipUndtm, 
with teraaikably regular ramifieation, are bath eommoa in woods. 



GROUP III. 

TDE VASCDLAR CRYPTOGAMS. 

In this group also an alternation of a seinal with an asemal 
generation occurs; but the relations between the two arc exactly 
the reverse of those existing among the Mosses. In this givnp 
the plant which springs from the spore and produces the aexnal 
<n-gans (the oophore) ia small and ehort-lived, tiaaally perishing after 
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nnder Bide (x 10). nr ArehegDUiai 
ADibsridia I h Toot-baiTB. 



fertilisation haa taken place; it is called the proihallium. The 
plant which grows from the fertilised oosphere (the aporophoro) is 
furnished with a distinct stem ajid leaves, and it has closed fibro- 
vascnlar bandies and tme roots ; it commonly persist* for several 
years and produces spores in regnlai snccession. benides possessing 
varioDB means of vegetative mnlti plication. These morphological 
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and anatomical characteristics bring this group of plants into tiie 
province of the Vateular PlanU. Some of the orders which occupy 
the highest plaoe among the Cryptogams eihibit in certain features 
a resemblftiice to the GymnoBperniH among the Phanerogams; 
there is thus a gradnal transition from the CryptogaioH to the . 
Phanerogams. 

The pTOlhallium. (Fig. 115) is, in most of the orders, a thatlua 
which grows from a spore which it greatly exceeds in size, prodno- 
ing, besides root-hairs, antheridia and archegonia on certain parts 
(Fig. 115 an and at). 

The antheridia (Fig. 116) either project from the snrface as 
masses of tissue^ which are hemispherical or somewhat cylindrical 





Fia. ilT. — ArthBitonlnni of 
TUni wtmtala. muoh inairalfled, 
•MB riDm oulnlilB. (Alttf SMtai.) 



Fib. 118.— Germlnttlng mmtuporo of Stla^iuOa Mortu 

■r* emtaryM In tiro tbu taire bean fcnlUied. Tbe uvlt; at tbe (para ii Ulad vUh ado- 
■pum, (Aftnr Bichi.) 

in form, or tliey are snnk in th« tisane of the prothallinm. They 
Eonsist of a wall, composed of a single layer of cells, and of the 
mother-cells of the anthorozoids : tbe antheroxoid is a spirally 
woand filament bearing a nnmber of cilia at its anterior end (Fig. 
116 •). 
The anhsgtmia (Fig. 1171 are in general con8tmct«d like those 
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of the JIosBCB ; that is to say, they consist of a ventral portion, 
which is imbeJciod in the HUrroanding tissne an^ is coherent with 
it, and of a short neck throngh which two canflt-ceUs, which snbae- 
qnently nndergo disintep;ration, extend to the oosphere. 

However, the prothallia of some orders, such as the RhiKocarpeE, 
SelnginoUete, and leoetes, differ widely from this in their utmctnre. 
These plants, namely, produce two kinds of spores, large spores 
called maerotporee, and mach smaller ones, microgpores, and they 
ftre termed keieroaporouB on thiB account, in contrast to the 
UotporauB orders in which the spores are all of one kind. 

The macrosp ore produces a female pro th all inm (Fig. 118) which 
ifi developed in the spore itself, and only a small portion of it is 
exposed at the apes. On this exposed portion it bears one, or a 
amatl nnmber of archegonta (Fig. 118 a). 

The microspore produces a merely rudimentary male prothallium, 
for the anthero£oids are developed from it directly, or at any rate 
after it has nndergone only a few divisions. 

The embryo developed from the fertilised oosphere grows directly 
into a plant which subseqnently produces spores. 

The spores are formed in not very large numbers in the sporangia 
by the division into four of the internal cells; and when two kinds 
of spores are present they are produced in distinct sporangia — tntiero- 
and mlcrosporangia. The sporangia are small in proportion to the 
whole plant, and are developed either from single celln of tlie epider- 
mis of the leaf, or from groups of cells, the eitcnial cells of each 
group forming the wall of the sporangium, the internal, the mother- 
cells of the spores. It is almost always evident that the sporangia 
are produced from the leaves ; it is only in a few instances that they 
originate in the axils of the leaves and appear to be formed from the 

The group of Vascular Cryptogams is divided as follows : 
Class V. Filicince. The leaves are well developed in proportion 
to the stem, and bear the sporangia (which usually 
originate from a single cell) almost always collected 
into tori on their mai^ins or on their inferior surfaces ; 
the fertile leaves are not confined to any particular 
region or branch of the stem. 
(a) Isosporous. 

Order 1. Filicet. 
(h') Heterosporons. 

Order 2. IthiBocarpete. 
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Class YI. Equisetitue, The leaves are smaM ia proportion to the 
stem ; they are arranged in whorls, and those of the 
barren whorlx grow together into a sheath. The fertile 
leaves are arranged in nnmerona closely-Bet whorls 
forming a spike a,t the apex of the stem ; they are 
peltate, and bear the sporangia on their under sur- 
faces. The sporaDgia originate from groups of cells. 
They are isosporons. 

Glaas Vll. Lijeopodinm. The leaves are for the most part small 
and feeblydeveloped; the fertile leaves are freqaoatly 
collected on a distinct portion of the stem. The 
sporangia, which are developed from groups of cells, 
are almost always solitary in the aiils of the leavcts 
or close to the base of the leaves on its upper side. 

(a) Isosporoos, 

Order I, Lycopodiem. 

(b) Heteroaporous. 

Order 2. Seiiginellete. The stem, which grows 
greatly in length, bears numerous small 
leaves ; the sporangia are situated in the axils 
of the leaves, occasionally they ore attached 
to some extent to the stem. 

Order 3. Isoeince. The stem, which is short, 

bears long iinbranched loaves ; the sporangia 
ore sitoated on the upper side of the leaf. 
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Clus v.— riLICIN^. 

The gporangia are utually collected into tori on the edgei or under 
rurfaeet of the leaves. The fertile leaoee are noi eonfiaed to a tpecial 
region of the item. 

Order 1. Filices (Ferns). 

The tporei ore aU alilt«j attd produoe a large and independent 
prolhalliwn. 

The prothalliom is almost always developed on the snrface of the 
soil, and contains chlorophyll (Fig«. 115 and 119). It takes origin 
from the spore in the form of a ccllolar filament which, at a later 
stage, generally becomes a broad surface divided anteriorly so aa to 
bo heart-shaped ; it consists of a sina^le layer of cells, excepting at 



L 



QROCC m. — THE ViSOCLiR CGrPTOQAMS, 159 

that part which bears the arehegonia. This region is situated at 
the fore part of the heart-shaped prothaUium, beliind the indentation 
(Fig, 115 ar). The antheridia are produced partly at the edge, 
and partly poBteriorly among the root-hairs 
(Fig. 115 an), and project as hemispherical 
matises of tissne. 

The stem is for the most part a strong 
nndergrownd horizontal or obliqne rhizome j 
tree-fema with tall upright tranlca occur 
only in the tropica. The intemodea are 
sometimes elongated, so that the surface 
of the stem is visible between the leaves 
which are some distance apart, e.g., PterU 
aquilina (the common Bracken) and Phe- 
gopteris ealearea; bnt they may bo also 
very short, so that the leaves form a close 
crown at the apex of the stem, while the 
older portion is closely crowded with the , 
remains of the leaves that have died ofE. ' 
The stems of the first kind nsually branch , 
very freely, the branches arising in the axils > 
of the leaves, aa in Phegopieria eaJcarea, or '" ' 
dorsally to them, as in Ptens aqniUna : the more leafy stems, on the 
contrary, branch less. The leaves are sometimes arranged in two 
rows, particularly when the stem is elongated (e.g.. Fieri* aquilina) ; 
and this pecaliarity is not nnf reqnently eshibited, that the two series 
of leaves approach each other on the dorsal surface of the stem, e.g., 
Polypodium, vulgare ; bnt they are sometimes arranged in a spiral, 
with a considerable angle of divergence. The blade of the leaf is 
nannlly mnch branched, and in its early growth it is curled apirally 
forward on itself into the shape of a crozier (circinate vernation). 
The hail's are often conspicnons by their size and breadth, and 
frequently completely envelope the yonng leaves and the growing 
part of the atem ; they are called ■palem or ramenta. The roots 
spring usually from the leaf-stalks of those species the stem of 
which is very densely covered witU leaves, e.g.,Nephrodium Filix-mat; 
they form a thick felt-like covering on the trunks of tree-ferns, 
which Bomotim.es exceeds the diamet«r of the stem itself in thick- 

The prodoction of spores is exclnsively confined to the leaves, and 
it takes place without their nndei^oing any important metamor- 
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phoeia. In many c&iies the fertile leaves are hardly to be dls- 
tin^ishcd from the bari-en ones, and where a difference is perceptible, 
it conaiatB almost only ui this : that the fertile leaf — or portion of 
the leaf — developes little or no mesophyll. The fertile leaves are 
never confined to a particulrvr region of the Btem, still less to any 
particular branch ; but the stem bears at first only barren leaves, 
and, ae it grows older, produceH fertile leaves periodically, as well as 
atarile ones. 

The Sori consist of groups of sporangia which are arranged in a 
certain relation to the venation of the leaves, and their form and 




Fia. leo.— fiurl of (JiamoAt Important gronps of F«nui, nil neep from Imlovr- A Piimifc of 
Pdlopkylliiiii liniiotun. one of thn Hjmieiio|inyU»ceB: rreccpUwIej • ipgraoi^ii! i iadu 

Indailam (j) u turned back. IhDuppsr Lair !■ become put of Ihe lurmiLrgiD. C Partot it 
Im! of Ptmi Hrmlola ^ ■ tha (paningia i nUMfnTertednuTsiii, BLacltilaiif Nephrnditim — 
■t t the Indiuiom la remomd. uid bl r tiie iporuigLa also. E I^iciiile ot an AAplonluaa— at 
d Ifao indaeiuni la IDrned back, t Piniut ol Pslirpadiitn ■iil«in~U r the ipormogla an 
rasavol {all an > S to «). 

distribntion is charactcrintic of genera and even of still larger 
divisiunii. In many genera, e.^., all the HynienophyllaceiB (Fig HO 
A), Oiuksonia and DavalUa. the soma is aitnutod at the margin of 
the leaf at the eitremity of a vein, and conaists of two parts, a central 
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part which boars the eporangia, known as the rseepiad" (Tig. 120 A r), 
which ia an elongated, fihforro, or short cnshion-like strncture, and 
a, cup-shaped, eometimos deeply two-lobed integnment, the iiiduiium 
(Fig, 120 A i). In raost Ferns the eorns is at some distance from 
the mai^in of the leaf, on the nntler anrfiice ; the indnsiTiin then 
appears as covering the receptacle on one side only (Fig. 120 £iJjE), 
and its form varies in the different genera. The half of the primi- 
tively cnp-shaped indnsinm, corre.sponding to the upper sarfaco 
of the leaf, has disappeared (Fig. 120 B). In many genera the 
tndnainm bos disappeared altogether; the Borns is then said to be 
naked (Fig, 120 F). Many Fema bear the sporangia in a marginal 
row which may be supposed to have originated by the coalescence 
of contignooa aori. The inferior indusiam, in such cases, is uanally 
not present : the nia:^in of the leaf coYcrs the sporangia as a so- 
caUed spurious indusiam (Fig, 120 0). Finally, in some Ferus, the 
sporangia do not form sori, bnt are scattered over the whole of the 
under surface of the leaf, on the mcsophyll as well as on tho veins. 
Tho hair-like strnctnres which tho receptacle sometimes bears inter- 
spersed among the sporangia are known as paraphysea. 

The Sporangium (Fig. 121) is a capsule 
with a wall of a single layer of celb, and 
having a short stalk ; it is rarely sessile. 
The spores commonly originate from the 
repeated division of a single cell which oc- 
cupies the centre of the young sporanginm ; 
in only a few families the sporangium ia 
developed from a group of cells, of which 
the inner cells constitute the mother-cells 
of the spores. In direct relation to tJie 
mode of rupture of tho sporangium are 
certain cells, which have a pecuhar struc- 
ture, and which are much thickened ; they 
form a ring or annitlits, which, in some 
families, is completely closed, and in others 
not so (Fig. 121 r), or they may be con- 
nected in some other form, bnt in any case 
the aggregate of these cells ia spoki 
as the annulns (Fig, 122 r). The structure of this annnlus is an 
important characteristic of the various families. 

The group of the Ferns includes the following eight families, of 
which some are exclusively tropical, and the others, though they have 
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repreaentatives in temperate climates, attain tlieir m.ost perfect 
development in the tropica. 

Family 1. Hymenophyllacem ; this contcdns the eimplest forms. 
The mesopliyll almost always consists of a single layer of cells j the 
Boms is always mat^inal {Fig, 120 A), the sporangium sessile or 
fihortly-atalkod, and the annnlns entire. The prothallimn resembles 
in stractare tho protonema of Mosses. 

Alinoat all the specios are tropical, TTichomana radicam and Hymenophylliim 
Ttinbridyrnie arid wiUaterale (or ICitfonOalaneocaiii in England. SomeEpecies 
ol Tricbomtines have no trae roats. 

Fam. 2. PolypodiacecE. The annulus of tho stalked sporanginm 
is incomplete (Fig. 121 r), that is to say, it is not continnona at the 
base: each sporangiiun is developed from a single epidermal cell. 
Almost all our native Ferns belong to this family, which is excep- 
tionally rich in species. 

The following snb-famities may be distingnished, characterized 
by the position of the aoms. 

(a) Davattiaeta. Boras nmrginal, or neurl; boi indasium cnp-shaped (Fig. 
120 2). 

(b) Pleridetr. Son coaleacent along tbu margin o[ tho leaf (Pig. 130 C) ; 
indnEiam spurions. Pterii cqailina, the Bracken, has a Btcm which grows at 
some depth below the sorface of tho soil and throws up every yeai a single large 
macb-scgmenled leaf (frond). Adiantam, the Maidcn-Hoii, and Blechnom 
(Lomatia), tho Hard-Fein, belong to this gcoap. 

{ej Atpidirtt. Soma on the toner Bncrooe of the loaf, orbicular in form and 
ooTored b; a peltate or renilonn induuum (Fig. 130 D). Kephrodium Filix mat. 
the male Pern, and other apecies reseubhag it, with n thicl: taftnd crown of 
leaves, are not rare in woods. Aspidium is the Shield-Fern. Woodaia and 
CTBtopUris also belong to ihis gronp. 

(J) AifltnUa. The soros, whidi is sitnatcd on the oodet enrtaco of the leaf, 
Is elongated or linear, and the indusium springs from the vein to whioh it is 
attached (Fig. ISO E). Aiplenium Rata murana is not tmcommon on walls and 
Tocka : A. Tne}iomaiut is also abnadant, with Biaple pinnato leaves and a 
■liining black rachts. A. Fili'j: /icmina is common in damp woods. Bcolopm- 
drinm talgartt the Hart's tongue, with ontiro Icarea, is common in damphedgo- 
Tows and woods. 

(t) Polypodiea. The soms, which ia on tbeooder sarfoce of tho leal, is naked 
(Fig. 130 F). In the section Poljpodinm the leaves are artieniatod to the stom, 
■0 that when the; die and lull oH tb-ey leave a rotmdiah scar: the leaves us 
unall; bomo in two rows on the dotaol anrface of tho rhizome. PoIypodiuM 
vulgitrt, with sitDpls pinnate leaves, is common on trce-trunka, rocks, eto, In 
the section Phegoptoria the leaves are not articnlaled to the stem, oo that when 
the; die b^mcnts ol the leof-slalks remun altaohcd to it. 

(/) Aetoiticlwm. The whole ondenido ol tho leal is covered with sporangia. 



r group of cells (Fig. 122 B r) 
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Fam. 3. Oyalheacem. DiBtingoiahed from the Polypodiaceie only 
by the presence of a complete atmnlus. 

The lree-(eros belong to this family. Cibotium and Dicbionia have marginal 
soil with cap-ahaped indusia: Cjathca and AlsophUa have their eoii on Iha 
under suifoce of the leal. 

Fam. 4. Olnickeniaeea; and 
Fam. 5. Sckiiceaeem occur only in the tropics. 

Ljgodium ii tbs most remarkable genas. its pinnate loavea grow to a great 
length and twine round supports b; moans of their midribs. 

Fam. 6. Osviundaee<B. The fihortly- stalked sporangia (Fig. 122 
B), instead of a ring, have a peculia 
jnst below the apex; they burst 
open by a longitudinal slit on the 
side opposite to this (Fig. 122 d). 

Oimanda regalit, the Fem-IIo;al. is a 
not very common but well-known Fern. 
Only the upper pinns of the leaves are 
fertile and develope Lttle or no msEO- 
phyll : the son are marginal and conaist 
of a, great nnmber of eporacgia : thej 
have no indnsimn, Fig. U2 {J i). 

Fis. I13.—0tmiaiia rigolii. A Fenile 

Fam.?. MaratHaeete. The apo- pliinawiUiii»kadm»rgin»UoriW. Soma 

rangia o£ each soms are coherent, i^(„i.^.). B A«.Uurr.P»™eiam 
and appear as the loculi of a mnlti- {"sooh rtUw abort stalk i Tamannuiue; 

11 _^ __ . d the LoDsiOidlDfll idiL 

locnlar sporanginm or tynangmm j 

they are not developed each from a single cell, but from a group 
of cells. The leaves, which are ustially of enormotts dimeziaions, 
have large stipules at their base. 

Uarattia, EaoUusua, Angioptecia, and Dauiea are tropioal genera. 

Fam. 8. OphioglosBete. This ia the most abeiriutt of the families 
of Fema ; nevertheless it is allied to the above-mentioned families 
by many features. Tho prothallinra is not a flat layer of cells con- 
taining chlorophyll, but a snbterranean mass of tisane, containing 
no chlorophyll. Tho stem of the spore-bearing plant is always 
short, and in the indigenous species it ia snbterranean ; it throws up 
a single aerial leaf, or two or three simnltaneonsly. Tho leaves to 
be developed in tho following year are already formed at the end 
of tho stem and are enclosed in a aheath formed by tho base of the 
mature leaf and its stipnlea. The fertile leaves are distingoiehed 




164 PART IV. THE 

from the barren ones by the piwinction, from tie upper sido of the 
petiole, of a branch which beare the frnctification. The sporangia 
are large and margioa!, and are borne either directly by this branch, 
as io Ophioglossnm, or by its lateral branches, as in Botrychinm 
(Fig. 123 /). The sporangia a-re developed from groups of cells 
and have no annulns. In OpLioglossum 
they are sunk in the tissne. 

Ophloslpsium pulgalum is rutherrare: it has 
an entire tongae-shapod lamiiiB and a linear 
nnbruiched fmctifioation. Sotrychium Lmiaria 
is tolerably common in moaDtainona diatricta; 
ita lamina is pinnate and the frootifioation u 
pimicaiale. 

Order 2. RnizocARPEa; ( Pepper wonTs), 

The spares are of two Idndg ; the 
maeroeporafigia each contain a single 
macroepoTC ; tliA mierogporangia aintain 
numeTvua mieroapores ; the prothalUa are 
imatl and project but little from the 
fporet. 

Fam. 1. StUviniaeea. Salvinia is the 
only genos. The male prothalliom is a 
filament which is developed from the 
microspore. The anthcrozoids are formed 
in two cells at the free end of this fila- 

t- ment, which represent a mdimentary 

n nuthendiam. 

. rf, H Tha female prothallinm projects bat 

'" .^^^iB^^****. I'ttio from the spore. 

^J^^^i*^^^Bg^J(t_^ The stem of the spore-bearing plant 
ff^^^^^KV^^frv 1 floats on the surface of the water aud 
^ (^ if ^ it ^^^\ bears on its upper surface four rows of 

Pio. iis.-BoiT>d.iim Lunorta flat, green, aerial leaves (Fig. 124 a^n^ 
(bu. lii*)! w njoUi •( Memi on its undersurfaco two Fowsof disi9ect«d 
b lanT-iliBiiUi i • point wber* Ihe , ,-■■ ^ i. 

iMTbntncbni iho .t«rtta lunin. aqoattc leaves (Fig. 124 w). Roots ate 
m wimunK from Uie furuiB wholly abseut. The 8ori are situated on 
'^"''^ the aqnatic loaves (Fig, 124 »); each 

wparate Noms is completely enclosed in a thick indusinm, aud has a 
dinmctcr of about 5 millimetres. Within this fructification the 
Rpomngia are borne on a columnar receptacle; in some sori there 





are nnmerotiB microsporangia with 
long stalks (Fig. 124 Bii),ia others 
a smaller number of shortly-stalked 
macTOsporangia (Fig. 124 B a). 

Saleinia natans occuTi in the warmer 
parts of Eoiope and in the Tiopioa. 

Pam. 2. MaTsiliaceiB. This familj 
inclndeH two genera, Marsilia and 
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Filolaria. The fonoatioa of a mctlo 
protballiDin does not take pla«e; the 
whole contents of the microspore imdergo 
diviaion and give rise directly to a num- 
ber of small cells, in each of which an 
antherozoid is formed. 

The stem of Marailia creeps along the J,'^^^^^]^^^^^ 
bottom beneath the water (Fig. L25) and hsif). iTonninnibaUitHaiTM; 
its npper surface two rows of (//"^|°^"°" '^^^'"8 '™" 
leaves with long petioles and qnadiifoli- 
ate lamintB. The nnder surface of the stem bears only roots. The 
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fertile leaves branch above tb^ msertion; the one branch ie quite 
similar to a sterile leaf, the other bears a legnminoid fmctliicatiott 
(Fig. 125 /), which coataina several sori encloBed by indnaia. This 
fmctifi cation, like those of the Phanorogajud, consists of an infolded 
leaf. The sporangia are developed each from a single cell on the 
inner sarface of the wall of the fmctification. Bach sorna contains 
both macro- and micro- sporangia, 

Xanitia gaadri/olia occoia in lempsrate conntriea, and many other veiy 
nmiliir fonne abound in wanner climates. 

PtluJario glebvlifrra hag nairow bladelesB leavea, and ths fructification ia 
^oboK, bat otlieiiFise it greatly rosemblea HardliB. It occurs in England. 



Class VI.— EQUISETIN^. 

The fertile leaves are arranged in vjhorh and form m ipihe at the 
apex of the etem; they are peltate and bear the sporangia, which are 
developed from growpa of ixUt, on their inner surfaeee. The eporee 
are all of one kind. 

This clasB contains bnt ono genns, Eqnisetnm (the Horsetail). 

The prothallium ia mnch branched and corrugated: it bears the 
anthoridia at the extremities of the lobes, and the archcgonia in the 
angles between them. 

The spore-bearing plant coosista ot a snbt«rranean colonrleas 
stem which every year throwa np green branches which usnally die 
down in the antnmn. The leaves arc represented by an annnlar 
dentate leaf-sheath at each node (Fig. UGAv). The outer surface 
of the aerial intemodes is usually not Braooth, but striated with 
longitmdinal ridges and furrows (Fig. 126 S) : each ridge corre- 
sponds to a tooth of the leaf-shcath. This external configuration 
of the stem is intimately connected with it« internal strncture. The 
fibro-vascular bundles are aminged in a circle (Fig. 126 B »), in 
each bundle there is a cavity, the lacuna (I:), which is formed by 
the separation of the annular vessels ; the libro- vascular bundles lie 
OD the samx! radii as the ridges on the stem. There are also large 
cavities in the cortical tissue which lie internally to the grooves 
(Fig. 126 Bf). The pith too is replaced by a large air-apace, the 
central cavity (Fig. 126 B e). The bmnches spring from the base 
of the sheath between the lectli ; they are similar in strncture to 
the main stem. 

The fertile branches terminate in a spike (Fig. 12G A a), formed 
of the leaves, which are tranEformcd into peltate Ecales bearing 
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sporangia. The last leaf-aheath below the Bpike is mdiraentary, and 
is called tlie rl,ig or anniilua (Fig. 126 A to). The scales stand 
in nnmerons whorls ; they have etalks and bear the sporangia on 
their internal surface. The sporangia are sac-lite and open in- 
■warda by a fissnre (Fig. 126 C gp). The spores are enclosed by 
two coats, the two being 
connected at one point 
only. The outer mem- 
brane splits along a spiral 
line into two spiral bands 
(elaleri) which, when 
they are dry, are extended 
cross-wiee, bat roll np 
nnder the inflnence of 
moiatare. - 

The different apeeies of 
Eqnisetnm oil inhabit damp 
places, boga, vet ficlda, and 
woods. While aoma of the 
tropical forms alloin an Im- 
meDse height and thickaese, 
and the tosBil foTms were of 
gigantic proportions, our in- 
digenom Bpecies reach at the 
utmost the height of a few 
feet, and a thickness ot per- 
haps hall an inch. In E. 
arveme and E. Ttlmatein the 
fertile ihoots appear In the j 
spring bofore the barren once, b 
tuA are devoid of cblorophjll, " 
while the barren ones are f"'"" ","": "^ '" "" ' <:'=°™ <»"'J;i • ^no 
green. E. paluitrt (Fig. 126), _ „^(y_ i- f a,t ovltiei below Ibo gro.« ; r thB 
Ijnuuum. kyeiaalt, etc., bear ridgea. C PaUiUs leaf viUi aparangla (x 10); il ths 
thoir spikea at the eitremity sialkj ip tbs sporangia. D Diagram of tha conrao 
ol ordinary green branched or ^'"'° ^y ""• H^"-^""-^ bundleii where Wo inter. 

, 111. n 1 nodes meet : it tbe intamodeai jEliunode. 

onuranched sbootl. E. lyl- 

tiaticum prodncos fertile shoots which, till the spores are ripe, perteotly leeemble 

those of E, arvetue, which are devoid o( chlorophyll, hut afterwards they beat 

green lateral shoots, in consequence of which they come to be very liTrijlft r to 

the sterile sterna. 




portloa cf a [Cnila bnmeti of 
ita^n. V liOaT-^Qatlu, below wbloh ihe 
wpiingi V tlw appenaoib flterile sbeatl] t 
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Class VII.— L.YCOPODINiE. 

e for the most part small, the fertile leaves often 
eonjined to a particular region of the stem. The sporangia, which are 
developed from groups of cells, are almost always borne in the axils of 
Ike leaves or close to the liases of Iho leaves on their upper sides. 

Order 1. Lycopodie*. 
all of one kind, the prothallium large and indepen- 
ngia are oaigrowllis from, llie hoses of the leaves, and 
eir axils. The stem grows greatly in Imgtk and bears 
verij small in proportion. 
The prathtdliiini of Lycopodjum is a subterraiiean mass of tisaiiB 
of conaidor&ble size wliich bears archcgonia and aatheridia. 

The stem of the spore-bearing plant grows greatly in length : it 
nsoally creeps on the ground and branches in various planes in an 
apparently dichotomons 
manner. The intemodea 
are short, the leaves are 
closely placed in u scattered 
spiral, or they ai'e decus- 
sate. The roots bi-anch 
dichotomansly. The spo- 
rangia originate from the 
tissne of the npper snrfnce 
of the fertile leaves and 
project outwards. The 
fertile leaves, in some 
species, e.g., Lycupodiun^ 
Selayo, eiaetly resemble 
the sterile ones ; in others 
they differ from them and 
are not green : in this caae 
EtiHni cti«a(itm, vimeRhM they form a sorb of spjka 
,.ih.rriotJi«iioD. ^.]u(,tj J3 2;. clavatutn 

grows on a stalk bearing small leaves (Fig. 127 *). 

L. etavatiin %a3 annotinum (Clab-UoueB), are the eommonett apedes 
which occur in our woods. The eiotio genera Tmeaiptorifl, PhjUogloMam, aikd 
PailotDin [which hu no true rooCi) diCFci cousidarBbly trom Ljrcopodium in tbetr 
habit, but ate u yet imiieriMtljr Icnown. 
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Order 2. Selaoinellej. 

The gporet are of /ico kiiids; the macrosporangia each contain /our 
macrospores, the microsporangia, a great number of microspores ; ioth 
forme of sporangia are situated in. the axils of ths leaves. The pro- 
thaUia are small and project hui liltlo from the spores. The stem 
grows considerably in length and bears n'umerous short leaves. 

The g«nns Selaginella has Bome external rpsemblance to Lycopo- 
dinm; the stem branches dichotomouKly, but always in the eame 
plane, and often forma a highly compHcatcd branch -system. In soine 
epeciea the stem creeps on the grotind, in others it is apiight and 
even Bhrabby. The internodes a.re short, and bear short somewhat 
ronnded leaves, ■which are uanally inserted in fonr rows and have 
different forms on the two sides of the stem, so that each pair of de- 
cussate leaves consists of a large inferior leaf and a small Bnperior 
leaf (Fig. 128 w and d). At the tftse 
of each leaf there is a small mem- 
branons ligule. The roots branch 
dichotomonsly in alternate planes at 
right angles to each other. The spo- 
rangia are sitnated in the axils of the 
fertile leaves, which sometimes differ 
somewhat in form from the sterile 
ones. The microsporangia are nsnally 
higher up on the shoot than tho 
macroaporangia. Each of the latter 
contains fonr macrospores, for only siM);iiii8 
one of the numerona mothor-cella '^^'^ \^b<'^^^L fhoo'w ™fl 

divides into fonr daughter- cells, which imvia on tba muler aids (u) are larger 

are developed into macrospores. """ "«»• <"> i" "pp" '"J" ("'■ 

The prothallinm is formed in tho macrospore, jnst beneath the 
apei, whilst it is ripening : subsoq^aontly, when tho sporo germinates, 
the prothallinm protrudes from tho apex of tho spore, tho wall 
having ruptured along its three angles, and it there bears one or 
more archegonia. The rest of the) cavity of the spore is then filled 
with a parenchymatous tissue, which may be termed the endosperm 
(Fig. 118). 

In the microspore tho prothallinm is only mdimontary; it is re- 
presented by one cell, which undergoes no further changes, whilst 
from the others the mother-cells of the antherozoids are formed by 
repeated division. 
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S, uhginoidii is the only mdigenoOH species ; it grows in bogs and miuabcs. 
Bereral epeoies, such m S, Krauuiana, inaqvalifolia, etc., ore cultiTBted. 

Order 3. IsoEte*. 

Tlie tpores are of two hindt ; the niacrogpores are numeroug I'ti ike 
maerotporangia. Both kindt of sporangia are aiturtted at iha bates of 
ike leaves on their vpper surface. Tlis prolhallmfii is small and 
projects but lillle from the spore. The item remains short and bears 
numerous long leaves. 

The genns IsoutcsincladeB aquatic plants which live at the bottom 
ot lakes, etc. The stem is short; along two or three longitudinal 
lines on the stem a considerable growth of the cortical ttsene forms 
projecting wings, between which the roots are produced. The leaves, 
which are numerous, have a well-developed sheath separated £roni 
the long and narrow lamina by a. pit, ike fovea, which bears a ligula 
on its upper margin. 

The sporangia arc situated in this pit ; tlio niacrosporangia occnr 
on the onter leaves, the microsporangia on the inner ones. Both 
sorta of sporangia contain cellular filaments among the spores. 

The development of the protkallium is similar to that of Sela- 
ginella. 

Isoitts Itiemlns and otbcr species occui in lakes where the water does not con- 
tuts nmch lima. 



P E A N E n O A M 5 . 

The most conspicuous chariictcv of this group is the formation of 
teedt, which aro produced, in consequence of fertilisation, upon the 
plant itself, and are detached from it only at maturity. The sood 
contains enclosed in its coat, or testa, an embryo,— thai is to say, a 
young plant. This is nsually already so far developed that stem, 
leaves, and root are formed to a certain extent, so that after a period 
of rest it at once dov-elopes, at the ti:ue of germination, into an 
individual reKcmbltng its parent. Bosides the embryo, the seed 
usually includes a tissue, called the endosperm, which in many orders 
is absorbed by the embryo at an early stage before the seed is ripe, 
and in a few others is never developed at all. 

In tlio Vascular Cryptogams, the strnctorca which are thrown off 
tor the purpose of reproducing tlio plant are unicellular spores, wtuoh 
more or less directly give riac to tbo sexual organs; but in the 
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Phanerogams, fertilisation takes plnce upon the plant (sporophore) 
itself, and the structure which ia thrown off for tho pnrpose of 
reproilnction is an embryo invested by parts of the parent plant. 

As in many of tho Vascular Cryptogams (Equisetam, many Sela- 
ginelleie and Lycopodieie), the spore-bearii^ leaves difier in form 
from the foliage-leaves, and are collected together on certain regiona 
of partiriiilar short axes, so in the Phanerogams the reprodnctive 
oi^na are modified leaves which are collected together at the apex 
of a short axis. This shoot, the leaves of which are thus modified 
to subserve reproduction, is called tho Floicer. 

The most important organs of the flower are the stameits, bearing 
the pollen-sacs in which the male 
reproductive bodies, the poUen- 
i/mi?!*, are contained (Fig. 129 jj), 
and the carpels, which usually 
bear the ovvles ; witliin the ovnle 
the oogiAerfl is sitnated (Fig. 129 
S). 

The staraens, regarded collec- 
tively, form the andrmcinm of 
the flower, and the carpcia the 
ffynmciuvi. In addition to these, 
the flower includes other foliar 
organs which, however, are not 
directly concerned with repro- 
duction : these form the perianth 
(Fig. 129 KeK). When these 
tlirec sets of organs are all pre- 
sent in a flower, the perianth is Hio»tigii«,»ndihopoU8n.iobeO)')p™Bt™ics 

., , , ' , „ UiB ame (s) 118 (nr M the Mvity or Oia ovary 

always Situated most externally, (p,, .MchinR.bB ovale (S); i ihs integnnimi 

that is, at the lowest level upon ol Ibo otuIo; m the (anljrjo-aac. E The 

the floral asis; then comes the ™''' ""' 

andrtccinm, and Anally, nearest to the apex of the axis, tho gynoe- 
cium. 
' The pollen-grains are formed in the pollen-sacs by the division of 
the mother-cells into four. The Tvall of the pollen-grain consisia of 
two layers, an est«mal, the extiite, which ia firm and often covered 
with asperities ; an internal, tlie inline, which is very thin : the cell- 
contents consist of granular protoplasm, which has been termed 
fovilla. In the Angiosperms two or more nuclei are present in the 
pollen-grain, and tho protoplasm is aggregated round them so as to 
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form maeacs of variooB sizes ; although these masses are not covered 
with ccll-wallB, they mast bo regarded aa being cells. In the 
GymnoaperraB, however, each of these cells has a cell-wall, and the 
pollen-grain is therefore obviously mnlticellular. The polten-tiibe, 
by means of which fertilisation is effected, consists of the intine 
and the contents of the grain ; it grows out, through the rnptured 
extine, from the largest of the cells contained in the pollen-grain. 

The poUen-jfratns correspond to the microspores of the higher 
Vascular Cryptogams. The fact that they are multicelluliir recalls 
the rudimentary prothalHnm formed in the microspores of Selagi- 
nella, but no formation of aotherozoids takes place. The pollon-saca 
correspond to the microsporangia, and the whole stamen to a leaf of 
Selaginella bearing a microsporangium. 

The carpels are either open, bearing the ovules on their surfaces 
(Gymnosperms), or they form, or contribute to form with the axis, 
a stmcture in which the ovules are contained, the ovanj (Fig. 129 
F), which, when mature, ia the/mil (AsgioHperms). 




Tib. ISO.— DUiffTiiB of ihe O*ulo. . 
/tanicloi oi tha onlar intojfumonl i 
nn toibTTO.iMi j rtbsnphB; ccbnluii. 

The Ovule consists of three parts : 

1. A stalk, called the funicle, by which it is attached to the parent 
plant (Fig- 130/): the point of junction of the funicle with the 
ovale is termed the hilum. 

2. One or two coats, the inUgnmmts {Fig. 130 ai ii), which do not 
completely close at the anterior end, bot leave a short canal known 
aa the mieropi/te (Fig. 130 m) : the point of jonotion of the nucellus 
with the iitte^uments is termed the ehaUtsa (Fig. 130 c) : in some 
oaee« (Fig. 130 A, C) the chalaza and hilum coincide, in other eases 
they may bo more or loss widely separated, as in Fig, 130 B, where 
they are separated by the whole length of the ovule. 

3. A central cellular mass, the mtcellui (F^. 130 k). 
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According to the relative position of these three parts, the follow- 
ing forms of ovTtlea are distingniahod : 

a. AlroiymiB or orlhotropoiis, whtfa the nacellua lies in one and the 
same straight line with the fnnicle which ia nsnally short (Fig. ISO A). 

b. Anatropoita {FigAS0B),wh6n tliereia acurratore attho pointof 
attachment of the nacellas with its integnments (hiJnm) to the elon- 
gated fnnicle (raphe), the integnments coalescing with the raphe. 

0. Campylotropous (Fig. 130 C), when the nucellos with its in- 
tegument i-s curved on itself. 

One cell of the nucellua increases greatly in aize and constitntes 
the emhryo-sae, within which, at the anterior end of the ovnle (that 
is to eay, the end at which the micropyle is situated), is the ooBphere : 
in Angiosperms this cell ia developed directly by free ceU-formation 
(see p. 206), but in Gymnosperms it is formed indirectly in a special 
oi^an, the corpiieculum. (aee p. 177). 

Fertilieation is effected as foUowa : a pollen-grain falls either 
directly npon the micropyle, aa in the Gymnosperms, or on to the 
apex of the ovary, which is Bpecially adapted to receive it, as in the 
Angiosperms, and it tlien throws out a long tube, known as the 
pollen-tube (Fig. 129 jj»). This extenda to the ooaphere (Fig. 129 
E) through the micropyle, and the ooaphere is fertilised in con- , 
sequence of the contact. The resolt of the fertilisation is that this 
cell becomes surrounded by a membrane and begins to grow towards 
the interior of the embryo-sac, forming a row of cells, the eugpengor, 
of which the inferior terminal cell forms the embryo by cell -division. 

A parenchymatona tiasno is developed within the embryo-sac, the 
endoiperm^ in the Gymnosperms before fertilisation, in the Angio- 
sperms not until after it. It usually originates by free cell-forma- 
tion, isolated cells being formed in considerable numbers which, aa 
they grow, come into contact and then multiply still farther by 
division. In rare cases (e.g., AlismaccH;) the formation of endo- 
sperm does not tako place. In many plants the endosperm ia 
displaced and consumed by the developing embryo, bo that it has 
disappeared by the time that the seed is ripe. 

In contradistinction to the ondofiperm, the term periaperm is ap- 
plied to the ceUalar tissue wliich is contained within the ovule, but 
which lies externally to the embiyo-sac ; it is in fact a permanent 
portion of the nncellns, and it is fonnd in relatively few families of 
plants (Fig. 157). 

The comparison of the female sexual organs and of the modes of 
fertilisation of Phanerogams with those of the Vascular Cryptogams 
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B sotnewhat difficalt, and will be oatercd upon when tho Gymno- 
sperms are being con- 
sidered. 

The embryo, as it ia 
contained in the ripe 
Beed, nsQally exhibits 
di^tlinct differentiation 
into stem, leaf, and root. 
This first root (Fig. 131 
i/t) — the primary root — 
lies in the same etroight 
line as the stem which is 
very short. At tho op- 
posite end the stem bears 
thelirstleaves( Fig. 131c) 
ivhich are nsnally strik- 
ingly unlike tho leaves of 
later growth, and are 
known as cotyledons or 
seed-leaves. Sometimes 
the nest leaves are dis- 
tinctly visible, forming a 
terminal bnd, and these 
constitnto the plumule. 
The portion of the stem 
which lies b^low the 
cotyledons is the Itypo- 
cotyledonary portion (Fig. 
131 UI he); it merges 
gmdnally into the root, 
and the two together are 

iccopylorimd. designated as the radicle. 

■gcBco Qf Uis Theint«mode next above 

.».._.„,., „,ter tbe odiIo- 

Ibo Hwl lay kH> n«r ttag the COtyledonS IB the epi- 

iiseiiop hjUiocoijieiioai coti/ledonaTy portion. The 
!i^L W.^onrti^tfX embryo always lies so in 
, c LoDgitaiiiQai h»^od the oviile that the apex 
[rmi.Mo„: c u» ™t,],. °f *''« pnciai-y root is 
I the Bmbrr&*M pu«h»d directed towards tho 
''T^f^'^i'b^ mieropyle; on germina- 
tion the root grows oat 
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throngh it. The interments of the ovulo conatituto the tetta of 
tlie ripa seed, and occasionally during the ripening procesH tinotlier 
outer integament is formed, known as the arillus, as in the Yew and 
the Spindle -tree. 

All flowers do not consist of the three parts above-mentioned, the 
perianth, the andrcecinm, and the gyncecinm; the perianth, for 
infltancB, is absent in many flowers. Those flowers which include 
both male and female organs aro called hermaphrodUe, commonly 
indicated by the sign 8 ; bnt there are many plants in which some 
of the flowers (irrespectively of the perianth, which may be present 
or absent) possess male oi^ans only, and others female organs only. 
Snch flowers are called didvnoTU or unisexual, the former being 
mule ( (J) and the latter female ( ? ). When tho flowers of both 
seses are borne by one individual plant, they are said to be incniai- 
eioug; but ■when they oocnr on distinct plants, they are said to be 
diiecioiis: it is permissible in that ease to speak of male and female 
plants. When tho same plant produces both hermaphrodite and 
unisesnal flowers, it is said to he poUjgamojM. 

Plants of which the indiyidaa.1 perishes after once producing 
flowers and seeds arc termed mottocarpong ; in rare cases several or 
even many years elapse before the blossoming occurs, e.g., Aga/ee 
americana. More common are annuals (indicated by the sign Q), 
i.e., plants which complete the whole course of their development 
in the course of a single year, as the Wheat; or bienniaU iQ). 
plants which do not blossom till the second year of their growth, 
and then perish, as the Turnip. By polyearpous plante are meant 
those of which each individual produces flowers and frnit repeatedly, 
year after year ; trees and shrubs are thus perennial, and have aab- 
aerial woody stems or trunks, and there are perennial herbs and 
plants which have underground rhizomes, tubers, etc. 

The group of Phanerogams falls into two divisions, the first con- 
taining only one class, the second two classes, 

A. QymnoipermcE. Tho ovnle is naked; that is to say, it is not 
eaelosed in an ovary, bnt is attached to a carpellary leaf or simply 
to the aiis of the flower. The endosperm is developed in the 
embryo-sac before fertilisation ; the oosphere is situated within 
a special organ, the corposculum. 
Class Vni. OgmnOiperni(B. 

S. Angiospenruv. Tho ovale is enclosed in an ovary; the endo- 
sperm is not formed in the embryo-sac before fertilisation, and the 
oosphere ie formed by free cell -formation. 
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Monoeotj/Udong. The embryo hna but one coty* 
ledon, and the ripe seed nsntilly contaiua macli 
endosperm. 

Dieotyledotu. The embryo has two opposite coty- 
ledoDB, and tbe endosperm is frequently all ab- 
sorbed before the seed is ripe. 



DIVrSION A, 

CLiS3 Vm.— GYMNOSPERM^. 

The omde it not encloted in an ovary; it is allaolied either to an 
open carpel, or to the nxie, no carpel being present. The endosperm 
u formed in the evibTijo-»ae before ferlilisatian, and the oosphere is 
developed in a special organ, the corputeulttm. 

The flowers are always diclinons, frequently dicecions, and almost 
always withont a perianth. Tl:e male flowers consist of a prolonged 
which numerous stamens are inserted. These are eome- 




Fia. 13S.~Pracou of ftitiUntloa In 

Final (■ mBciilfliiil diAgnuii] : n mlero- 

B Pollcn-gnlo higbly pyla; i lulcgument: k nncelloa; o (lis 

itb ft bl*ddAr-!lkB flifijiu-. ooflpberv; h ntvli nf tits corpUMUluin; 

V the inolmlgd eella. (&IMr • nidoiperm ailing the embryo-WQi p 

pollen-gnUni j • the tnbn, 

tiroes peltate, like those scales of Eqaisetam which bear the spo- 
rangia, bat sometimes they have a greater resomhlBnce to an 
ordinary petiobitn leaf. They bear on the inferior surface two or 
more separate pollcn-sacs {Fig. 132 A a), which open longitudinally. 
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SO OS to allow the polIen-graiiiB to escape. These always consist of 
at least two (Fig. 132 B), and often o£ several cells, from the largest 
of which the pollen-tube is developed. In the course of thia pro- 
cess the estine is nsnaily rnptnrod and shod, but in some rare cases, 
e.g., in the CycadeE, it is pierced by the poUen-tnbe. 

The female flowers are ngnally prolonged axes, which in some 
cases bear carpels upon which the ovules are inserted, and id others, 
bear the otuIgb directly, carpels not being present. The oarpeU 
are frequently closely packed around the ovules, but they do not 
form an ovaiy. 

The ovnle is commonly orthoti-opons, with a very short fnnicle 
and having bat one integument. The nncellus is largo and the 
embryo-sac is at sonae distance from the mici-opyle (Fig. 133 e) ; 
the sac becomes filled with endosperm in which, at the anterior end, 
several corpnscula are developed (Fig. 133 c). Each corpusculnm 
consists of a neck (Fig. 133 h), which is formed of one or of a 
small number of small cella, and o£ a large central cell, the oosphero 
(Fig. 133 c). From the Btmctnre and arrangement of these organs 
it may bo seen that the Gj-mnosperma occupy an intermediate 
position between the Phanerogaoas and the higher Cryptogams. 
The embryo-sac corresponds to the macrospore ; in this case it gives 
rise to a protliallium (tho endosperm) without becoming separated 
from the parent- p! an t ; on this protliallium several archegonia (the 
corpuscnla) are produced. The pollen-grains correspond to the 
microspores, but they do not here give rise to antherozoids. The 
pollen-graina are borne by the wind to tho micropyle; thoy are 
conveyed through it by the flaid there secreted to tho nucelliiB, and 
they penetrate its tiffine by means of tho pollen-tubes which tlicy 
protrude; each tube makes its way through the neck of a corpuscn- 
Inm, coming into contact with the oosphere, which is thus fertilised 
(Fig. 133 »). The fertilised oosphero elongates downwards, forming 
a suspensor bearing the embryo at its inferior extremity. 

The ripe seed always contains endosperm in the midst of which 
the embryo lies longitudinally, its i-oot-end being turned towards 
the micropyle (Fig. 131 I ij)- The st«m bears two or more coty- 
ledons arranged in a whorl (Fig. 131 c). 

The class contains the foUowing three orders : 

1, Oi/cadeee. The trunk is rarely branched, or not branched at 
all ; the leaves are large and much branched. 

2. Goniferiv. The stems aro much branched, the branching being 
axillary and monopodial ; tho leaves arc very small and entire. 
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3. Gtietacecn. Tlie habit o( these plants is various; thej dis- 
tlnctlj approach tbo AngiospemiB in the character oC their flowers. 



Order 1. Cycadej;. 

TIte stem w tligldhj hrancksd or not at all; tJia leaves are large 
and hranehing. 

The CycadciB ore plants which, in niany partieulara, have affinities 
■with the Ferns, while, on the other hand, in external appearance 
they resemble the Palma. The stem ia tnbercnlar or cylindrical, 
and thickly set with leaves. The leaves arc of two kinds — some- 
being Hcale-like, brown, and dry, closely covering the stem, the 
others being green, pinnate, 
and of a leathery consistency ; 
these last are produced an- 
nually, or at a longer interval, 
and form a raagniticent crown 
at the apex of the stem. 

The flowers are produced 
terminally at the apex of the 
stem, the male and female 
flowers being borne by dif- 
ferent indtvidaals. The male 
flowers consist of an axis 
which bears peltate stamens, 
having the pollen-sacs on 
their inferior surfaces; they 
somewhat resemble the spikes 
of sporangia of Equisetnm. 
A Csrpci of The female flowers are for the 
most part cono-like ; the axis 
bears numerous carpels ; on 
the inner side of each carpel there are two orthotropous ovules (Fig. 
134 B). In the genos Cycas the female flower is composed of a 
rosette of leaves, each of which is formed Itko the foliage leaves of 
the plant, only that it is much smaller and bears ovnlcs in the place 
of the lower pinna) (Fig. 134 A). In Cycas, too, the axis of the 
plant oontinnes to gi-ow after the prodactiou of the flower. 

The ovnlcs have an integument which becomes ttuecnlent at 
maturity, and they acqnire a considerablo eixe. Those of Cyoas 
are aa largo as a. plom even before fertilisation. 
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The embryo has two cotyledons which do not escape from the 
seed on germination. 

The Cjcoden) are natiyes of tropical Amerioa ; they (wour— fawer in number- 
in Sonih Amerina and tropical &aa. Cyeai revalMa and elrcinalU, Zamia 
muricaia and Dion tdale ore otteD grown in hothoases. 

Order 2. CosiFEHi, 

TJie stem branches extensively from the axlli of tJie leaver, hui not 
from all. The leaves are entire and relatively small. 

Thia order inclndea the Pinea and Firs which are nbondant in 
temperate climates. A conspicnons featnre in their habit is the 
regularity of the moaopodial branching of the stem. In the struc- 
ture of their tissues they exhibit affinity with tho Dicotyledons ; 
the trunk increases in thickness, as it does ia tho Dicotyledons, by 
means of a ring of cambium ; the secondary wood, however, con- 
tains no vessels, but consistB entirely of wood-cellH (tracheides), the 
walls of which bear peculiar bordered pits (Fig. 42). 

The male flower consists of a,n elongated aiia covered with 
stamens of various forms, which bear two or more pollen-sacs on 
their inferior surfaces (Fig. 132 A). 

Tho stmctnre of tho female flower differs considerably in tie 



I not yet been accurately inreati- 
i primary root which grows per- 
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8 families, and 

The embryo lias a conspici 
sistently, and two or more 
cotyledons which escape from 
tho seed and nnfold on ger- 
mination (Fig. lai). 

Sub-order 1. Tasine*. The 
ovules are perfectly naked, 
there being no carpels. The 
flowers are always dicecions; 
the embryo has two cotyledons. 

Taxui baccata is the Tew ; Ihe 
oTules occur singly at the end ol which 
voTj short braochea (Fig. 135 B), ttboa] 
Ttliioh bflir namerouB bracts. The we"™' 
fertiUsed ovule daring its maturation 
becomes enrrounilcd b; ui arillns 
[Fig. 135 A f). which, nhiiu it is ripe, is red and ftoahy. Tbo IcaTes, which 
are spirallj arniDged, project on two Bidea from the alem, and wo flat and 
huear, light green upon tbs under euitace, bat destitute of whits stripes ; by 
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thiB tbe tree ia at ouce diBtingnishiilile trom the Bilvei Fir, wlucb resemblea 
it in haliit. Saliibunja adianlifolia {Oinkgo bilaba), whicb growi in China and 
Japan, lias Ijtoad wcdgG-shnped leavea, with palmate Tcnation. Phjllooladna 
has flattened phjUoid branches. 

Sub-order 2. Abaucariaoe*. Flowers nsnally moncecions. The 
of tliQ Firs and Piues, consiat- 
ing o£ an axis (Fig. 136 S sp) 
bearing ecales (Fig. 136 c), ai^ 
rftngod Hpirallj or in whorls, 
which are the bracts. In tho 
axil of each of these bracts 
there is a Gecond scale, tbe car- 
pellary Bcale, which asnally 
bears two or more ovTileB(Fig. 
136 tJc). Tho relation of these 
two scalcK to each other has 
been explained in a variety of 
ways. The view here followed 
is, that the carpel lai^ scale 
represents tho axillary branch 
of the bract, consisting of an 
axis bearing a carpel which 
ia fnsed with it, and which 
bears tlio ovules. 

In some genera (Finns, Jonl- 
pcrns), the seod takes two 
yeara to come to matnrity ; in 
the firet yeai', the pollen-tnbe 
penetrates only a short distance 
into the tissne of the nncelloB, 
id it is not till the following 
year that it reaches tho em- 
bryo-sac and fertilises tho 
oosphere; tbe embryo at once 
begins to devc!oj>e. 

The embryo has from 2 to 15 
cotyledons (Fig. 131 0- 
may be divided into tbe following four families: 
Fam, 1. Ahietinea. The carpcllnry scale is coherent with the 
tract only at the haae ; the micropyle of tho ovule is directed down- 
wards ; the arrangement of the leaves and scales is spiral. 
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with tbe carpeUaiy euEe (i> boario^ the o-TUlo* 
(•t) (masnlfled}. £ Cpper put ol tlie temale 
flOHW (or code} in the mstoro etsW ; tp Qoial 
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TIio flowers are moncccious : thoro are two ovniea at the base of 
each carpellary scale; the ripe seed has winged appendages spring- 
ing from tho surface of the carpellary scale (Fig. 136 0/) ; the 
pollen-grains have usnally vesicnlar expansions of the estine (Fig. 
132 B bl) filled with air. 

The genuB Abiea hw fliit carpellary Boolas ; the seeds ripen in a ainele year ; 
the leavea, wlilch perrist for bbvcibI jears, aie ananged HpiraUyotJy on the elon- 
gated shoots. Id most apecieB the peiaiattintly growing Btein beaii well .developed 
lateral branches in the axils of the leaTca belonging to the upper portion of each 
year's growth, and \iiea well.dQTeloped branches irregularly in the aiils ol leaves 
lower down. Tho sceondary branches develope in the same manner ; the doielop- 
ment ol branches of a higher order takea place especially on the two aides o( the 
nearly boiizontal primary branches. 

The mole Sowers are developed in the niils of certain leaves of the shoot pro- 
duced in the previous y^ar. 

In the fiub-genos Abies, in its restricted sense, the Firs, the ocicular leaves are 
flat, with two margins, and are marked with white streaks upoa the under sur- 
face ; the coue staiids erect in the niil of a leaf borne by a shoot ol the previous 
year, at some distance from its apei ; when it is ripe, the bracts and carpellary 
scales fall o&, together with the seeds, from the axis which persists for a ttme- 
To this genus belongs Abitt piclinata, the SilTcr Fir, the eniarginate leaves o( 
which stand out in a comb-Uke manner from the branches. A. cephalonica, 
which grows in Qreoce, and A.Finiapo, which grows in Spain, both have pointed 
leaves. In the sub-geans Picea, including the Spruces, the leaves are prismatic, 
with four angles; the cones are developed at the apei of the shoots of the 
previous year, become pendntous after fertilisation, and. after the shedding of 
the seed, drop off entire. l)a this group belongs Abifi txccUd, tho Norway 
Bproce. The snb.geniu Tstlga (pecuhar to North America) has cones like those 
of the Spruces and leaves Uke those of the Firs, and branches arranged in whorls, 
though this in not always evident, as in .iJ . canadeasii (the Hemlock Bpruce) and 
A, Douplmni. 

The cones of the genus Laiii. the Larches, resemble thoso of Abies; the leaves 
persist through one season only; they are ananged spirally on the elongated 
branches, and in a fasciculate manner on the dwarf-shoots which are developed 
in the axils of the leaves of the elongated branches of the previous year ; these 
dwarf-shoots grow but slightly every year, but they may be transformed into 
elongated branches. This male flowers, as also the cones, are situated at the 
apex of the dwarf-shoots. The branches ore not arranged in whorls but irregu- 
larly. L. cuTopaa belongs to the Alps and the Carpathians ; other species are 
found in Siberia and in North America. 

The genns Cedrus. the Cedars, dlEters from Larix in that the leaves, which are 
arranged in the some way, persist for moie than one year, and in that the seed 
takes two years to ripen, C. Libani occurs in Asia Minor, and C. Dtoiara in 
the Himalayas. 

In the genus Pious, the Fines, the carpellary scales have a thickening at their 
free ends, presenting on the exterior a rbounbto surface, the apophytit. The seed 
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takes two yeara to tipai. The green leaves, which persiBt for BSTeral yeara, are 
home in groups ol twp, tliree, or five, on dwarf-Bhoots whiuh bear cfttaphyllary 
leaves at theii bases, which do not eloneate, and which are borne in the aiils o( 
the scaly leaves of the elongated branches of the same year. The primary 
branches are arranged in false whorls near the apex of the ehoot of any one 
year, and the branchoa of a high order are also arranged in this manner. The 
male Sowers take the places of the dwarf*£hoota at the base of an elongated 
branch of the same year ; they are closely pocked. The cones take the places 
of the whorled brnnchea near the apei ol the elongated branches of the some 

In the sab-gcnns Pinaster, each dwarf-shoat bears only two green leaves ; the 
apophysis is rhombic, tho seed is winged. To it belong Pinai ii/lvettrii, the 
Scotch Fir ; the cones are home npon short stalks and bend downwards ; the 
wintar-buda are rounded: P. monlana occurs in tho Alps; theatcra is nsnally pro- 
combent, but Bometimes erect -, the oooes arc Bessilo and are placed horizontally : 
P. Laricio occoia in southern Europe, and has pointed winter-buds: P.piiua 
is the StonC'Pinc of the south of Eniopo ; the seeds are large and edible, with 
small wings. The North American sub.genus Tu^da differs from the preceding 
in that the dwarf-shoots hear three leavee. In the eub-genus Strobus, including 
Pinui Etrobu), the Weymouth Pine, the dwarl-aboola bear Gve leaves; the 
apophysis is semi-rhombic, and the send is winded. The sub-genus Cembra, 
finally, has a large wingless seed, and its cones fall to pieces; to it belontta 
Pinui Cemhra, the Siberian Stono-Pine, occurring in mountainous districts such 
&B the Alps and Carpathians. 

Fam. 2. AraucarUce. The carpellary scale is completely fnsed 
with the bract ; the micropyle of the ovule is directed downwards ; 
the leaves and the scales of the cones are arranged spirally; the 
ovules are completely enclosed by the scales ; they ore trees with 
very regular branching ; branches in wliorls. 

iritacaria imhricala occurs in Chili ; A. excrlia on Nortolk Island. Dommora 
orientalii, in the East Indies, fumish'Ss the Dammar resin. In Cunninghamla 
each scale bears three ovules, whereas in Araucaria and Dammora it bears oulj 



Fam. 3. TaxodUxe. The carpelUry scale is completely foaed 
with the bract; the micropyle of the ovule is directed opwards; 
leaves and scales arranged spirally. 

Taxodinm diitiefiam, the Decidaoui Cypress, grows in swamps in tha United 
States, fytllingtonia gigantea (or Sequoia) is the Cotifomion Pine, remarkable 
tor its enormous sise and for tho great age which it attains. CryploBieria japo- 
iiUo is an ornamental shrub. 

Fam. 4. CuprMsiiifft, Tho carpellary scale is completely fomd 
with the bract; the micropyle of the ovule is directed upwards; 
the leaves and bcelIcs are amuiged in whorls. 
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The leaves are arranged in whoria of two or three, and at their 
bascB are continaoua with the cortox of the branches. The scales 
(consisting of the fused bract and carpellaiy ecalo) of the cone bear 
(ine or more ovules on their inner enrfnce at the base. In Juniperus 
eommunii and allied species each scale bears only one ovule, placed 
Homewhat to one side, on its inner snrfftcc ; bo that it appears as if 
the three ovules alternated with the three scales. The flowers arc 
r dicBcioiis. The embryo usually has only two cotyle- 



In Juniperus (dicecions) the sr^alcs of the 
concB become Buceulent whea ripe and coliere 
to lorm a berry. In the BUb-geoHs OiyoedruH 
(to vMch J. eommunu, the coomion Janiper, 
lielongB), the leaves are ananged in whoilB of 
t hree ; in acoorjancu with this the cone liears 
three Bcalea. In the aub-geoufl Sabina (to 
which J. Sabina, J. virginiana, sod others be- 
long), the leaves are anaogcd in whorls of 
two ; iu thetie the cone beaiB two scnlea (Fig. 
137 A), and each scale bcarB one or too ovules. 
Thuja occidtntatii, from Korth America, is 
commonly cultivateil. The scales of the conea, 
nliich bear each two ovules, become woody and 
the Iroit opens like a capsule ; the seed has a janipcriu Sabini 
nnrrow wing. The decussate leaves project (iiisg.)i// tbe tiro Inter 
but little from the surface o[ the branch, and oMbbHuingturooTalaiWiAf 't* 
War a protruding resia-ieceptacle. The ulli. '^,"oJ"j^^'^^„„^i, ^ 
mate ahoots branch only in one plane, and oio rtmotal of iLe brMtii ; /// iho 
thna came to resemble branched leaves. Ciola three Kalfn (the auterioT ods tnrDWl 
nrienlalu, from China, is aimiliir to the pre- down): ttho UirwoTrilo*. C Ripa 
ceding, but the seed is not wmged, and the linear "^'"^ the eama plant , the ibrm 
. ' , , . . ,, , . ., , MalM (/) ran still bo diiUnBoHhoa. 

resin- receptacles are imbedded m the leaves. 

Cuprciiui lempervirtni, the Cypress, has peltate stalked scales on the cones, 
bearing numerous ovules. This is also the cose in Chamfeoyparis, to which 
many ornamental ihrubs belong, but each scale bears only two ovules. In 
CoUitris the cooe is rounded, and is composed of four scales ; the lower broftd 
scales bear two or three ovules, whereas the upper ones bear only one or they 
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Order 3. Gxetacei. 

The Gnetacete differ from the Coaifer» in 
are provided with an investment which mor 
perianth of Angiosperms. 

Ephedra dittaehya is a shrub occurring in Sonlhem Europe ; it somewhat re- 
sembles an Equisetum, for it has long erect branches and small leaves arranged 



that the male flowere 
3 or less resembles the 



in ivhoili. and coherent lo as to form sbeatbs at intervals round the stem. The 
flOTers aiB dicBcions. WelwiUchia mirahUii is a remarkable plant peculiar to 
Western Africa ; it has a veiy short, thick stem, somewhat resembling a Yei7 
large beetroot, ami two large foliage-lea-vos. in the axils of which dichotomooslj 
branched inDoieseenceB axe developed. Both the male and female floweis are 
borne in cones ; they ai 
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DIVISION B. 
ANGIOSPERSI^. 

Die ovuUe are enclosed in an ovary. The eHdoyiemi is formed in 
the embryo-sae, after ferliUtalion, It/ free eelUformation. 

The flowers are for the most part hermaphrodite. The axis of 
the inflorescence in nsnaliy eipandwl, forming a receptacle or torus 
on which the closely packed floral leaves are arranged cither in 
whorla or in a spiral. Each of the three seta of ot^ans — the 
perianth, the andrtccium, and the gyncecinm — when the arrange- 
ment is Bpiral, forms one or more tnrns of the apiral ; when tie 
arrangement is whorled, each consists of one or more whorls. 

The growth of the axis of the inflorescence (excepting in certain 
abnormal instances) terminates in the prodnction of the uppermost 
aeries of floral leaven. Bnds never occur in the axils of these leaves, 
except in the caso of monstrosities!. The portion of tho axis below 
the Bower is nanally prolonged and is called the yednticle, it ia 
commonly famished with one or more bracteoles Xprophjlla). 
Wlien the pednncle ia verj- short or enppresscd the flower is said 
to ho sessile. 

The Perianth is completely absent in comparatively few families, 
e.g., Piperacete. In moBt it consists of two series of organs differing 
in their structure and texture ; tho outer, called tho ealyr, composed 
of the sepals, and the inner, called the corolla, composed of the 
petals; when this is the case it is said to bo biseriate.. The Sepals 
ftre usually firm in structure, of a green colour, and small in aiie ; 
tho Petals are more delicate, and are white or coloured, e.g.. Rose, 
GcDiniam, Flax. In many cases one or other of these two series 
is wanting, although it is well developed in allied plants : thus 
the calyx is wanting in the Compositie, and the corolla in Caltha 
and Daphne. In tho latter caso the calyx usually assunieH the 
texture of the corolla and becomes petaloid. Other plants havo 
ft simplo perianth, one, that ia, which dues not present any dis- 
tinutioa of calyx and corolla, and which cannot bo proved to repro- 
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sent either the one or the othw, when it ia spoken of s 
perianth. It is nsnally sepaloid (Stinging Nettle), more rarely 
petaloid (Aristo lochia). The indiTidnal leaves of the perianth may 
be either perfectly separate (^eleutkeropetalojtg or pohjpetalous corolla, 
eleuOieroiepalom or pohjeepala^u calyx), e.g.. Ranunculus ; or they 
may cohere from the base upwards, bo as to form a longer or shorter 
tube, which divides at its upper end into as many teeth or lobes as 
there were originally leaves {rjamoae^aloug calyx, gamopetalout co- 
rolla) (Fig.l3aABGc&nd.Bk); e.y., the Primro.se and the Tobacco 
plant. In Dianthus (the Pink) the sepals alone are coherent, as also 
in Daphne (Fig. 138 D) where the corolla is absent. More rarely 
all the leaves o£ the perianth cohere to form one tube, e.g., the 
Hj-aeinth and allied genei'a ; the sii lobes of the tube corrcspoud 
to the tlireo sepals aaii 
the tlircB petals. The 
simple perianth also 
may consist of separate 
leaves (eleutherophjllojis 
or poli/phyllous peri- 
anth), e.g., Amarantua, 
or the leaves may bo 
coherent (gamophyllous), 
e.g., Aristolochia. 

Tho degreo of diTision 
preEented hj gamophyUous 
perianths into teeth or lobes 
is indicated by the Mine 
terms which ace need in de- 

Mrihing the inoisiou of the p,^ i39._Cohor«M upikli uid p«»l». A Howor 
leaf-blada (page 12). The c™»Wm o«n.«. with ■ tannol-^apod «omll« (=) i • 
form of the gamopetalooa nS-parUkcalji (t). BNfcoKaiui Tal«oim,wtth « B-oleft 
corolla may bo companulaf*, ™'r' (*); tubular corolla (rl, 
as in the CarapanulB; fun- 
iirl-thaped (or infundibuH- 
/onn},ftsin tho Bind-weed (Fig. 138 J) ; roJnlf, as ia the Elder (Fig. 138 c). 
The upper and tower portions may freqecntly be distinguished, the lower as 
the lulie (FiR. 138 B r), tho upper expanded part as tht limb (Fig. 133 B *). 
Other peculiarities of form are connected with the synunetrj of the flower 
(pftgc 194). 

Tho petal frequently consists of two parts, tho daw and the Umb, 
as in the Pink (Fig. 139 A B). The Corona (paracoroUa) in the 
Narcissus and Lychnis is formed by ligular outgrowths from the 
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claws (Fig. 139 B 
Pink (Fig. 139 A) 



. Any Eegtnentatian of tho petal, aa in the 
nnnaual ; emarginato or obcordate petals are 
lany cases the petals have spnr-shaped appen- 
dages (Violet), or they are prolonged at the Iiaso into tubes, as in. 
Helleboras and Aconitnm, This peculiarity is connected with tho 
secretion of tho nectar (page 194). 

The caliculat or epicalyx is formed by leaves which, grow close 
nnder the trne calyx of the flower ; such are the small le-aves which 
alternate with the sepals in Potentilla (Fig. 139 C a) and in Malva. 
In some cases these leaves are the stipules of the sepals, in others 
they are bracts developed cloa-e beneath the ciilys. Such an 
arrangement of leaves close beneath tho flower, bo that on a 
snperficial view they seem to form part of it, is of frequent 
occurrence, as in Anemone HepalCca. 




FM- IX^A Paul of IXmlhiu nipfrtui, wilh (ii) th 
B PeUI af Lrotault > n cl&w \ p liiDb i I Ugnls. Flover of Patcnlilli, msd Erom below j 
a corolla i k calTi i a apleal;!. 

The Anilrceoium consists of the male organs of the flower, tho 
stamens. Each stamen consists of two parts ; a slender stalk 
called the filament (Pig. 140 s), and the organ which contains tho 
poUen-BOes (Fig. UO Dp), known as the anther (Fig. 140 a). The 
anther consists of two longitndinal halves, each of which usually 
contains two pollen-sacs; theso two halves are united by the upper 
portion of the filament which is known as the connective (Fig. 140 
c). This is occasionally very narrow, so that the two halves of tho 
anthers lie close together (Fig. 140 A^ a) ; in this ease it may bo 
that the connective is not sharply marked oS from the filament, 
and then the anther is simply attached to the upper end of tho fila- 
inont (innate) ; or it may bo articulated as by a joint, so that the 
L Rather with tho connective can oecillato on the apex of tho filament 
)^mrtatile anther, Fig. 140 Aj). But tho connoctivo is oftoii broader, 
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SO that the two halves of the anther arc widely BOparated (Fig. 140 
B) ; it may be nrncli elongated and very delicate, so that, with the 
filament, it forms a, T-shaped body (Fig. 140 O) ; in this plant, the 
Sage, the further pecnliarity is eihihited that one-half of the anther 
is abortive and is modified for another purpose. It is only rarely, 
as in Herb Paris, that the connective is prolonged beyond the 
anther into a point, or into a brtstle, as in the Oleander; the two 
halves of the anther then appea.r to bo placed laterally on the 
filament. 





A StomBU ar Allium. I 
Lium MurlillMi. C Of Pari 
A (mag.)j / flluaont; 
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Tib. l«l.-BIuiien. A, 0( UUqid ; ■ fill- 
ranit ; a Uio Bulbars, X, 8lde view. B 01 
Tillfti e coddboUtb. COf Salvtai h <■ lia 
liftir of Ihii kuther tbsl boa been modiSnd, 
D Trmstcree MClion of Ibeaather ofHypert- 



The filament ie nsnally ronad and Btalk-like, of a delicate 
coloured or colourless tissue; it ia occasionally flattened ; when it 
is very short the anthers are said to bo senile. 

Id some plants, e.g.. Allium (Fig. 141 A), the filament has 
appendages; in others, e.g., Erica (Fig. 141 S) and Asclepiadcie, 
the anthere themselves are fumiahed with appendages, such as 
spurs and so forth. In certain plants, as Rictnus and Hypericum, 
the Etamens, that is to say the filaments, branch, either, like most 
leaves, in a plane perpendicular to the median plane, as in Myr- 
taccae, or in variona directions, as in Bicinns (Fig. 142} ; twt anther 
is homo on each of the branches of the filament. 

Somewhat similar in appearance, but essentially different in 
structure, are the coherent stamens of the Papilionacca) and other 
plants. The stamens of each flower may be collected into a bundle. 
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oortunonly into a, tabe, or into groups of two, three or more, when 
they are swd to be mono-, di-, trC-, or pohj-adelphoiis. The anthers 
and tho upper portion of tho filamenta commonly remain free. The 
armngement becomes highly complicated when the filamotits aro 
at the same time coherent and branched, as in Malyacefe. In tho 
CompoBitte, e.g., the Sunflower and Thiatle, the filaments arc free, 
but tho anthers become coherent (syiijencsi'oiw), though they are 
Dot originally united. 

Besides these Yarietiea of arrangement, it frequently occurs that 
the filaments adhere to other portions of the flower, particularly of 
tho perianth, so that they — or when they are very short, the anthers 
— appear to be inserted not upon the axis of the flower, bnt upon 
I the leaves of the perianth (epipetaloim 

^^^^B ^^ A^^ ^^ epi'phylloag). This conilitlon is 

^^^^^H Bllfc i/MWwB3s most frequently present when the 

^^^^^r ^ByXStfa^^j^^imii petals themselves are connate and 
^^^^^ ^MK 1&mb/<^D^3BL form a tnbnlar corolla, e.g., Primula. 
r JSw^yt AC^r ^^Qo '^^^ adhesion of the stamen^i to 

P ^MK y ^y Wfeii ""3"' OTchidacero ; tho flower is then 

r /?^?^^^?^®^ termed gynandrouB. In many flowers 

I ^f ^JfU) it happens that certain filamentsi, oc- 

I M^ \\ \L^ copying a definite position with ro- 

I m \\. ^^\ gard to tho other parts of the flower, 

I W W\ are longer than the others ; thus, of 

W V, tho six stamens of the Crucifora* 

I ^ (^'S', Rape and Cabhage), four are 

F.O m-part 01 . n»io flowor ot ^^^^ ]^ j^an the othor two ; of 

I ■'a;*! / / cba bust paRJuai oi ihe the fouT Stamens of the Labiatce (e.g., 

.... Lamiuni), two are longer than the 

other two. In the former case tho 
said to bo letradijnat>u>u*, in tho latter didi/iiamauii. 
which bear no anthers and which present to a certain 
extent a leafy appearance are called ifamtnodia ; they occur regu- 
larly in some flowers (e.g., Canna). Doable fioivars arc produced by 
the assumption of a petaloid appearance by tho whole of the 
stamens— or the larger number o£ them.* In many flowers which 

■ In otbor caua the "doubling" ia the resolt of a inultiplicfttion of the 
petals, the anitrisciiim lonuuning QRAHored, r.g., Campauals. The ao-calltd 
doubling of OompoEilni rfscmblea this in iu external fontuiei onlj'. Tbii iriU 
be diMUBsed when the Ordei is ander consideration. 
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liavo a spiral arrangement of their parts, e.g., tTympbsea, there are 
intermediate forms between the petals and stamens, so that the 
passage from one to the other is gradnal. 

The pollsn-sacs are contained in the anthers, two, conmionly, in 
eiwh half (Fig. 140 Dp) ; mora rarely there ia only one, or there 
may be fonr. The pollen is shed by the dehiscence of the anthers, 
nsnally in considerable qnantity. The mode of dehiscence of the 
anthers is indicated by their etnujtnre; some, as in Ericaceos, open 
by a circnlar pore at the apex of each half of the anther, but moat 
of them have a longitudinal slit on the inner side, i.e., the side facing 
the centre of the flower (introrse), or on the outer side (e.ttrorse). 

When the pollen-grain reaches 
the stigma (see the next eection), or 
if it is immersed in a aolntion of 
sugar, the inline, or inner coat of 
the grain, protrudes one or more 
long tabes, the poUen-luhei (Fig. 
143 a). The spots at which the 
extine, or outer coat, is tlias rup- Fio. iia.- 
tured by the growing cell are '•"^'''^ ^ 
usually indicated beforehand by wbereifaaoi 
some peculiarity of structure such "' '*'* 'o™""™ <>• 'i'" poiiro-tubo (>). 

r J dBToIoped in Uu< caw M a. 

as a special thinness, or a lid-liko 

development of the extine, and are also definite in number (1, 2, 3, 

4, 6 or more). 

The pollen-grains of some Orchids and a few other plants never 
separate but remain cnited in masses (poUinia) corresponding to 
the several pollen-sacs. 

The Oyncecium or Pistil is always the terminal structure of the 
flower, occupying the apex of tic floral axis. Each of its con- 
stituent parts is called a carpel, and in the Angioaperma they form 
the ovarii-'s, which are closed cavities containing the ovules. If in 
a flower where there are several carpels each of them closes by the 
cohesion of its margins, they form so many ovaries ; the gynceciam 
is then said to be apocarpous (Fig. 144 A), e.g.. Ranunculus, 
Pawnia, and Butomus; if there is only one carpet (Fig. 144 B), the 
pistil is said to be apocarpous and simple ; if several carpels in one 
flower cohere and form a single ovary (Pig- 144 0), the gj-no?cinm 
ia said to bo syncarpotis, e.g., Poppy and Lily. Intermediate forms 
occur in that the carpels may cohere by their lower ends whilst 
their upper ends remain free (Fi^. 144 D). 
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Tlie orary is said to be monomBroru when it is formed of only ono 




Fio. 1*».— i Apooarpooe Bj-nnicmm of Aeonito. fl Sioiplfl ipocarpon* pi»ljl of MelHotn*. 
CTetrameranHRyncBTpouflplfltilaf TthBtuuua. iJ Ovnfy of Saidf n^H, f cprmed nf two carpelA 
which itlTerga toiTuili tbo lop ; I loruBi/nBuioB; n slf le ; n ■llgmii i b vgclr*! lacnre. 

carpel (Fig. 1-45 A), t!io marffina of irliich cohere on the side 
opposite to the midrib. The side along which the midrib nina ia 
the dorsal surface (Fig. 145 A r) ; opposite to it is the line of 
cohesion, the ventral suture, which rnns therefore on the ventral 
surface. The cayity thns enclosed (Zocuius) is not UBoally divided 
by diseopiments, bnt it is a Bimple cavity, as in the Vetch; sucli an 
ovary is said to be unSoealar. False or spurious dissepiments, formed 
fay growths on the inner surface, occur in some few instances, as in 
Astragalus. 




Fia. 1U.— 'TruiveiM HCtlon of orario; p placenta. A Uonoinaroiu uti DnJloenUri 
rdoiwlnUini h natal ■ntnro. B PoljniBroiu and uuUocnlar. C PoljsiBraiu Bud uudj- 
cbudbofvd. boL uaLtQcular. D PolTnutroaii anit TDultilocular. 

When, on the other haad, several carpels cohere to form an ovary, 
it is jiolgmeraiu (di-, tri-, or tctra-meroua). This may bo unilocular 
(Fig. 145 B) wlieti the individaal carpels cohere simply by their 
edges, witliont any portion of them projecting inwards; but if the 
margins project into the cavity so as to form longitudinal dissepi- 
ments, the ovary is chambered (Fig. 145 C), e.y.. Poppy ; but mnce 
the chambers am open towards the middle, the ovary is still nnilo- 
cnlar. When the margins form dissepiments which meet in the 



middle, tho ovary ia maUilocular ; sometimes tlio margins turn 
outwards again towards the circnmference. In these cases the 
individnal locnii are completely separated, bat there are others in 
which the margins of the carpels do not estend so far towards the 
centre at the npper part as at the lower, bnt the two margins of 
each carpel simply cohere together above; conseqnently tho lower 
part of the ovary is polymerons and multilocnlar, while the upper 
part is composed of a nnmber o£ monomerons ovaries, e.g., Sasifraga 
(Fig. 144 U). In all these cases tho Boi'al axis may grow np into 
the interior of tho cavity of the ovary, and when the ovary is 
mnltilocnlar the axis may coalesce with the dissepiments. 

False dissepiments may he formed in polymerons ovaries by 
ingrowths from the internal snrface of the carpels; thns the ovary 
of the Boragineai and LabiatDS is originally bilocular, but each 
locnlua becomes divided into two by a false dissepiment, and when 
the Ernit is ripe the fonr loculi separate completely. 
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When the axis grows, as is usually the case, equally in all parts, 
the gyncecium, being nearest to its apex, is the uppermost part of 
the flower. When this is the case its insertion is above that o£ 
the stamens and perianth (Fig. 146 E), and the ovary is said to be 
sKperioT and the flower hj/poji/noiig, as in Rannncnlns, Papaver, 
Lilium, and Primula. But in a great number of plants tho perianth 
and andr<Bcium are raised by the more vigorous growth of a lower 
portion of the axis (as represented by tho outer portion of the 
toms) and stand on a circulai" rim surrounding the apex of the axis 
which lies at a lower level. Of this condition two different forma 
occur : — in the one, tho carpels are inserted in the depression at the 
apex of the axis (Fig. I4C P), and there form one or more ovaries 
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which are invested by the raised rim of the axis ; they arc quite 
free from it, primarily at least, thouprh they may aabsequontly be- 
come adherent to it; in Buch caseti, as va the Rose and Apple, the 
flo'wer is said to he perigynoua : in the other, the carpels spring from. 
the upper rim of the cavity which is formed by the axis itself and 
simply cover it in at the top ; Bach flowerK are said to be epiijj/nOTig, 
and the ovary to be inferior, e.j.. Gourds and Umbelliferse (Fig. 146 B). 
Many transitional forma between these two extremes arc found. 

The inferior ovary of epigynons flowers is raroly monomeroas, 
that is to say, the cavity formed by the axis is but seldom closed by- 
one carpel only ; it is commonly polymerous, bnt it may be either 
unilocular or multilocnlar ; in the tatter case, the margins of tlie 
carpets grow down along the internal surface of the cavity. 

The Style (Figs. 144 and 14") is the slender prolongation of the 
upper part of the carpel : monomeroua ovaries have bnt one style, 
polymeroua ovaries have ae many styles as there are 
carpels; these may coliere throughout their whole 
length or at their lower parts only, the upper parts 
remaining distinct ; or they may remain quit« free, 
and they may even branch. The style originally 
arises from the apes of tho ovary, but it is frequently- 
displaced forwai-ds, by the vigorous development of 
the dorsal portion of the carpel, on to the inner sidei 
HO as to appear to be a prolongation of the floral axis. 
, This is couspicuoTiB in the Boraginiweje and LabiatK, 
wliere it is sarrounded by the four ronnded portions 
of the ovary wliich have been already mentioned 
(Fig. 222). The style is sometimes very short, and 
appears only as a constriction between the ovaiy 
Fio. JtT.— Gx' and the stigma, as in the Poppy. lu somo rare 
liiji / oTwr- g caaee it is hollow, hut it is usually filled with a loose 
Hflei B Migni* tissue, called conducting tUsve, through which the 
''^' pollen-tube can easily penetrate. 

The Stigma (Figs. 144 and 147 n) is tho uppermost end of the 
carpel; it is distin^ished by being covei'ed with papilltp, or fre- 
quently with hairs, and by the secretion of a sticlcy flnid which 
retains the pollen-grains which fall upon it, and which promotes tlte 
developmeut of the pollen-tubes. The stigma is oft*n evidently 
distinct from the style, appearing as a lobed expansion ; in other 
caaos it seems to be merely a portion of the style at its end, or 
I on its side. Id Fapavor it is a sessile disk-shaped 
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expansion on tlie upper surface of the ovary ; more rarely it is 
represented by b&nds of papOlte on tKe ovary itself, when it is BBid 
to he pleurogijnoiis. 

The Ooulea are always enclosed in the cavity of the ovary either 
BJngly or in larger or smaller number. TJaaally they may be readily 
seen to be appendages of the carpels (Fig. 148 A, B, 0, E), bnt in 
many cases they appear to be special organs developed in the eavity 
from the floral axis. However, from, careful compnra.tivo examina^ 
tion, it seems that these apparently axial ovules are to be regarded 




f PlaoaatHtion. A Carp«l of Hflllflbonu, 
opened ■long Ihs Tentml lutare : • tho oTOlea on Cl) Uia nurgliial plaeenia. B Tntosroras 
'7i gpUcenl*. targfllydeTetoped bytba 
carpala (ailla pluHmutlon). TruuvsrM bmUuh of the 
ofuforBuiomuH. TbeovulMnresCKLtcrod over ihs whole of itie ioair mrroce, eii^l lbs 
midrib, m (*uperflciAl place alAtlon). DLongitadbuJieotionof aooTikr^oroaBoF blLsCompo- 
■ilai/lliewiiJli tbs oiale(i] etowb from tba bus b; the lideof the apoi ol the Biis. a, 
X LongltuilinaJ aectlun of the uvkrj of oue of tbfl UmbeUlfera \ In eaob oluunber an ovnla 
<s an upended. F Longitodiaal (ecUoo of RhfLunj aalngle otiIo groira at tbe apeiot the 
Bnral tMa. S Laniflladlnal aootlon o( Lhe ovary of ono of iho Frloinlowii ; the omloi 
gmr oa ■ protongation of llie ftiU Ifioe ceatral placentitlioD). Fig. IIE B repreaenta 
parietal plaiwatitUon. 

as being originaUy appendages of tbe carpels, their position on the 
axis being merely the reaalt of a more or less considci-able displace- 
ment dne to the coalescence of the carpels with the axis. That 
portion of the ovary which bears the ovules is called tho placenta. 
In most ca,se8 it obviously belongs to the carpels, and even in cases 
of free central placentatiou (Fig. 148 F, Q) it probably does, in part 
at least, also (Figs. 145 jJ, 148 j.) 
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The ovules borne by the carpels are nanally marginal, thut is to 
say, the placenta occupies a part or ttio whole oF the longitadinail 
margin of each carpet, and b»jars either a single omlo or a single 
row (rarely more than one row) of ovnles (Figs. 145 jj, 148 A g). 
In polymcrons ovaries the coherent margins freqnontly tindergo n 
considerable thickening (Fig, 148 B q). The ovnles are more 
rarely niperfieial, that is to say, borne npon the whole interior sar- 
face of the carpet, the midrib however nsually remaining free (Fig. 
148 C). 

The apparently axiat ovutca are developed aometimoa on the floor 
of the cavity of the ovary (Figg. 129 and 14fj), sometimes at the side 
of the apex of the axis, as in the Composite (Fig. 148 D), some- 
times as prolongations of the osis, as in Piperaceffi and Poiygoneie 
(Fig. 148 F), sometimes on a placenta developed in the cavity of 
the ovary at the apex of the axis, as in Primotaceee (Fig. 148 O). 

The direction of the ovule varies ; it may be erect (Fig. 148 D, F), 
or siispended (Fig. 148 E), or horizontal (Fig, 14a A), or ascending. 

The Neelary is a glandular oi^an which secretes an odorous or 
usually a sweet flnid much sought after by insects. The nectaries 
are not distinct parts of the flower, but are developed on tho other 
organs; thus in Rheum they occur at the base of the stamens; in 
the Umbellifeiie, as fleshy excrescences on the carpels ; and in 
Citms as an outgrowth of the floral axis below the carpels. When 
thoy have tho form of an annular wall or a coshion, they are termed 
disct (e.g., iu Rbamnna). Sometimes, however, certain leaves of 
the flower are greatly altered in form and entirely diverted from 
their proper functions by -the development of the nectaries ; this 
happens in the Gcsncraccte to one of tbe five stamens, to the petals 
of Hellcborus and Aquilogio, and to one of the petals of Viola, 
among many instances. 

lUlalive Poiitiun awl Nitmher of the parts of the FIowbt. 8t/m- 
raetry of the Flowor. Tho leaves forming the flower, like those bonie 
by the vegetative part of the stem, are freqnently arranged spirally, i 
and the divergence is most commonly f, but higher divet^nces 
also occnr, especially in the ajidrcecium, when numerous small 
organs are inserted upon an expanded axis (e.g., Ranunenlns). In 
the tpiral or aet/cUe flower there is either no well-marked distinction 
of the varions aeries, that is, the members of the calyx and of the 
corolla and tho stamens are connected by intermediate forms (aa in 
Nymphiea), or the various seriea are sharply defined, each series 
taking np one or more tarns of the spiral. In the latter case, if 
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tho divergence is constant, the meinbers of successive tmms of the 
spiral are superposed, that is, they lie on the same radii drawn from 
the centre of the flower : this ia well seen in many TJrticacere, where 
the members of the perianth and the Btamena are arranged in a 
continnona spiral with a divergence of 4> each series taking np twg 
tnma of the spirftl : here the five stamens are superposed npon the 
five leaves forming the perianth. 

Many cyclic Bowers — flowers, that is, the leaves of which are 
arranged in whorls — are very closely related to the latter form oi 
acyclic flowers; this is shown by the fact that these two modes of 
arrangement are exhibited not only by the flowers of closely allied 
plants, but also by flowers of the same species. In this case, instead 
of there beiag five perianth leaves taking np two turns of a spiral 
with a divergence of |, fonr or siT leaves are present, arranged in 
two whorls consisting of two or three leaves respectively. Since 
the Bamo arrangement csiata in the aadrteclum, these two series of 
organs form fonr regularly alternating whorls, each consisting of 
two or three members. The two whorls of tho perianth may be 
differentiated, as in most Angiosperms, into calyi and corolla, or 
they may together form a simple perianth, as in many Mono- 
chlamytleto. 

In other cyclic flowers the alternating whorls consist each of five 
members, and ia these cases too, two o£ the whorls (calyx and co- 
rolla) belong to tho perianth, the other two to the andrceeinm. If 
instead of five, only fonr members are present in each, the calyx 
usnally consists of two whorls each of two members, with which 
the whorl of petals alternates. When the perianth is differentiated 
into calyx and corolla and two whorls of stamens — consisting of the 
same number of members— arc present, one whorl of stamens is 
opposite to or superposed on the sepals, and the other ia superposed 
on the petals. Other less frequent modes of arrangement will bo 
treated of in connection with the plants in which they occur. 

When cyclic flowers consist of aUemating whorls each containing 
the same number of members, they are said to bo eucyeUe. The 
namber of members in a whorl is indicated by the expressions di-, 
tri-, tetra-, pcnta-morous, etc. ; whorls containing the same number 
of members are said to be Uomerous. Wlien the members of a flower 
are arranged, some in whorls (usually in the perianth) and tho 
others in a spiral (nsually in the andrceeinm), tho flower is said to 
be hemicyclie. 

These various arrangements, as in the case of the arrangement 
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of the foliage leaves, are most cleai'ly represented by means of 
digrams. In a floral diagram, the calyx lies extemall;, and the 
gynoecium, as being the nppermoat Beries or organs (even in epigy- 
nouB flowers), lies most internally. In order to be able readily to 
distingnish the varions series, symbols are nsed which recall HOnio 
pecnliflrity of their form : thoa the mid- rib of the sepals is indicatedi 
and in the case of the stamens, the anthers. 

If only sncli relations of position as can be observed in a flower 
are indicated in the diagram, b simple empirical diagram is the 
result. If, however, the results of the investigation of the develop- 
ment of the flower and of the comparison of it with others be borne 
in mind, a genera! plan of arrangement will be detected, and the 
individnal pecnliarities of arrang'cment, qaite apart from any varia- 
tion in the form oE the organs, will be seen to be dne either to the 
Bnpprossion of one or more whorls or of one or more members of a 
whorl, or, more rarely, to a mnlti plication of the whorls or of their 
members. If, however, the organs which are absent, bat which 
sbonld be typically present, be indicated in the empirical diagram 
by dote, it becomes a iheorelieal diagram. In this way it is possible 
to arrive at general typos on which large numbers of flowers are 
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oonstmcted. Fig. 149, for instance, is the empirical diagram of tho 
fiowerof the Lily, and it is at the same time the type on which the 
&ower of Grasses (Fig. ISO) is oonstmcted in which certmn OT^ans 
are suppressed. 

Under the head of multiplication of parta, redupliealion or plao- 
nuiry — that is, the formation of two members in a whnrl in place of 
one (Fig. 151) — mnst be especially considered. This is tlie result 
either of the branchinj; of a member at an early stage, or of the 
original development of two members in the place of one. 

The regular alternation of tho whorla (especially when thoy 
oonsiat of four or five members) in encyclic fluwera is often disturbed 
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by a displacemeiit of sucJi a aatare that the inner ataminal whorl, 
which IB normally enperposcd on the petals, and alternates with the 
sepals, comes to lie tn the same plane as the outer whorl, or even. 
eitemally to it (Fig. 152). • 

Hitherto nothing has been t 
arrangement of the gynoecia 
it does not ntand in such simple relations with 
the other series of members as they do to each 
other. Very frequently the number of carpels 
is smaller than thatof the members of the other 
series, and in snch a case their arrangement is 

quite irregnlar. If the gjmcecium is isomeroua npper (iot«fn»i) whorl o£ 
with the calyx, corolla, and andrcecinm, the BuiniBn«(iibiuioii)hMb»ii 
carpels nsnally alternate with the inner whorl b«w«ntiio« of the lower 
of stamens, as in most Monocotyledons (Fig. (oiuiniBi) wbori: ihacur. 
149). When the above-mentioned displace- '"J,,^"'^ ^i^^ uj^- ^ 
ment occors in the andrcecium, the carpels Bi;pcr[»udoDiiuiBUinent 
sometimes alternate with the acta ally internal "'"" '°™'' "'""'- 
whorl of stamens, sometimes with the whorl which was primarily 
internal. 

The number and the relations of the different parts of the flower 
may be indicated not by diagrams only, but also by formulie, in which, 
us in the diagrams, for the sake of clearness, all the peculiarities of 
development are overlooked. Thus the diagram (Fig. 149) may be 
expressed by tbe formula £3, C3, AZ + 3, 0®, which means that 
the calyx K, and the corolla C, each consist of a single whorl of three 
members, the andrcecium of two whorls each of three members, and 
the gyncecium of one whorl of three members, all in regular alterna- 
tion. When one whorl is superposed on another, the superposition ia 
indicated in the formula by a line | between the whorls. If 
the nnmber of members in any whorl ia variable, the letter n is used 
instead of a nnmber. Thus, for instance, Ka, Cn, Aa + n, Gu is tbe 
theoretical formula of most Monocotyledons. The absence of a whorl 
is expressed by a cypher 0, and of individual members by the number 
of those actually present. Thus the formula for the flower of a Grass 
(Fig. 150) is KO, C2, A3 + 0, 0-"i. The bracket in which the 
nnmber of the carpels of the gyncecinm Q is here enclosed, indicates 
that the members thus brackett«d are coherent. Superior and 
inferior ovaries are indicated by a stroke below or above the 
corresponding figure, and reduplication by the exponent 2; thus 
the diagram (Fig. 151) is represented by the formula K'2 + 2, 
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x i, A2 + 2', G^, the x after iadicating tliat the position 
of the petals is diagonal, i.e., that the fonr petals alternate with 
the four sepala, as if the latter all belonged to the same whorl. 
Staminodia may be distinffnishod by a t before the fignre. The 
poeition of the carpels id thoeo cases in which the above-mentioned 
displacements of the stamoos have occan-ed ie indicated by a | 
placed before the number, which means that they are saperposed 
on the petals. When the perianth is not differentiated into calyx 
and corolla, it is expressed by the letter F: thaa, the formula for 
the flower of Asarum ia P3 AG + 6, G-^- 

The relations of position between the floral organs and the leaves 
which precede them yet remain to be cousiderod. Those can bo 
most readily made ont in the case of a lateral flower; of a flower, 
that is, the axis (peduncle) of which springs from the axil of one 
of the leaves of the main stena, and bears no leaves except the 
hracteoles and the floral organs themselves. A piano which passes 
throngh the flower, and also through the main stem and the median 
line of the sabtending leaf (bract), is termed the median plane or 
Keetifnt of the flower; the plane which outa this one at rifrht angles 
is termed the lateral plana or section ; and the plane which hisecte 
the angles made by tbe median and lateral plane« is the diagotiat 
plane or section. By means of these expressions the positiona of 
the parts of a flower may be aeenratcly indicated ; thas, in speak- 
ing of the flower of the Crncifcra) (Fig. 151), the external whorl 
of sepals lies in the median plane, the carpels in the lateral, the 
petals in the diagonal. In all floral diagrams the position of the 
main axis should be indicated by a dot plaeod above the diagram ; 
the braist-, which would be of course exactly opposite to It, need 
not be indicated. The side towards tbe main axis ia said to be 
jioiterit/r, and that towards the subtending leaf, anterior. 

Many flowers, most Monocotylodona for instance, have only one 
bracteole (prophyllam), which is nearly always placed opposite to 
tbe bract, that ia, posteriorly to the flower. Whoa this i^ the case, 
a leaf of the trimcroua calyx is placed anteriorly. 

If two lateral bract«olos are present (nsuatly indicated as a 
and ^), as is the case in most Dicotyledons, the sepals, if the calyx 
is dimerons, aro mechan ; if the calyx is trimeroua or pentamcroos 
(whether it be whorled or spiral), one sepal ia median and posterior. 

It is obvious that such a Bowdt as tlwt represented in Fig. 153 
can bo divided into two symmetrical halvee, resembling each other 

an object and its reflected ima;^ in one plane only, and that a 
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) thia plaae coiocides with the median 
I Fig, 153, info two 




vertical plana. In this c 
plane of the flower. 

Flowers which can be divided, like tl 
symmetrical halves in one 
plane only (which may or 
may not coincide with the 
median plane) are said to be 
mmmsymmetrkal or zygomOT' 
phic, and in systematic works 
they are termed irregular. 
If a, flower can be synimetri- 
cally divided in more than ■ 
one plane, it is said to be 
pulysymmetrical. In snch 
flowers two cases may oocor t 
in the one, the flower is re- 
gular or aetmomorphic, that 
is, the halves prodnced by all 
possible sections are similar, ^ 

or in other words, the flower norphia Corolla (mag.). 

may be divided into a number of similar sectors (see the diagrams, 
Figs, lis and 152) ; in the other, the halves produced by one 
Bection are unlike those produced by another, and ench flowers 
also are said to be zygomorphic or irregular. Those flowers are 
said to be asymmetrical which, cannot be symmetrically divided by 
any section whatever. 

These expressions apply as well to the relations of position and 
number as indicated in floral diagrams, as to the form of the perfect 
flower. It freqnently happens that a flower which is more or less 
regular at its first appearance, subseqnently becomes zygomorphic, 
as in Dictamnns and in the Leguminosra and Labiatfe ; spiral 
flowers also, the diagrams of wliich do not indicate any such 
condition, often assume a zygomorphic form, as in Aconitum. The 
zygomorphic sym-metry of a flower is indicated in its floral formnla 
by symbols ; when the plane of symmetry coincides with the 
median plane the symbol \^ is naod, and when it coincides with the 
lateral plane the symbol ^. 

Actinoraorphic flow^ers sometimes occur abnormally, more espe- 
cially near the extremity of the axis of infloi-escence, in plants the 
flowers of which are normally rygomorpluo. Such flowers arc 
caid to bepelorie. 
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PoUinalion. It is essential, as a preliminary to fertilisation, tliat 
the pollen ahoold be conveyed to the stigma. In a great nnmber 
of hermaphrodite flowers, particularly snch as are small and incon- 
apicDonB, the pollen is conveyed to the stigma of the same flower 
by veiy simple means ; in some cases the pollen falls on to the 
stigma which lies at a lower level than the anthers, in others the 
close jnitaposition of the organs allows o£ its immediate transfer 
to the stigma so soon as the anthers open. In certain cases flowers 
are so modified as to ensnre this telf-fertilUalion ; instances of this 
are foond in species of Viola, Lami'urn ninpleiieauh, Oralii Aceto»ella, 
and others; these plants bear, in addition to their ordinary flowers, 
others which have an inconspicnona perianth which does not open; 
on account of their peculiar atrncinre these flowers are s^d to bo 
^eialogamoux. In all these cases fertilisation is perfectly effected 
by the pollen of the same flower. It is, however, self-evident 
that, when flowers are diclinons, the pollen mnst be conveyed to 
the stigma of one flower from another ; and it is now known that 
in a vast nnmber of hermaphrodite flowers also, pollination is 
commonly effected by the transfer of pollen from one flower to 
another (erosi-ferlitisatio't). The conveyance of the pollen la 
effected in the case of a number of plants with inconspicnoiu 
flowers, sncb as the different Cereals, by the agency of the wind, 
when they are said to be aitentojihiliius ; bat in the case of such 
flowers OS are conspicaons by their size, colonr, perfame, and 
by their copions secretion of honey, the insects which visit the 
flowers for the sake of the honey, as well as to gather pollen for 
food, perform this important function ; these flowers are said to be 
enComophilous. In Bome of these oases It has been demonstrated that 
it is only the pollen of other flowers which can eSoct fertilisation, 
that the pollen of the flower itself is nseless, or even injurious, and 
that consequently cross-fertilisation is indispensable. In other 
cases the pollen of the same flower, though not absolutely useless, 
has far less fertilising power than that of another flower ; under 
these circnmstances cross-fertilisation is advantageous. In other 
cases ag^n, the pollen of the Sower itself has as powerful a fertilis- 
ing efiect as the pollen of other flowers, but the superiority of 
cross- fertilisation is shown by the greater vigour of the progeny 
o the issue of the crossing of two individnals. 
In those flowers to which cross- fertilisation is indispensable or at 
I least important, the moat various contrivances are exhibited for the 
E purpose of hindering or limiting self-fertilisation on the one hand. 
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and on the other of facilitating cross- fertilisation, or finnlly, in 
default of cross- fertiliaation, of ensnring nltimate self- fertilisation ; 
this last, of coarse, only in those cases in which the pollen of the 
flower itself is capable of fertilising it ; for it is evident that self- 
fertiliKation, even if not very advantageous, is at any rate of some 
nae to the plant. 

Among the contrivances for the prevention of self-fertilisation, one 
of the aimpleafc ia the arrangement of the antbers and stigma in 
such positions that the pollen cannot possibly reach the stigma of 
the same flower, e.y., Aristotochia (Fig, 154), or secondly, the abor- 
tion of a,ll the male organs in some flowers and of all the female 
organs in others ; in such flowers the organs in qncstion are present, 
but they are not functional. Thia is an approach to the diclinona 
condition ; it occurs in the Tiger-lily, in which the anthers are 
commonly abortive in some flowers and the ovaries in others. 
Thirdly, dichogamy frequently occurs, that ia, that the stigmas and 
stamens attain their functional activity at different times ; flowers 
in which this occurs are either pro landroiit, that is, the anthers aro 
first developed and have already shed their pollen when the stigma 
iif the same flower is capable of receiving it, or they &to protogynons, 
that is, the stigma is fully developed before the anthers of the same 
flower are ready to shod their pollen : in the latter case self-fer- 
tilisation is ob\-iously only excluded If the stigma is withered before 
the pollen is shed ; there are, however, protogynous flowers in which 
the stigma remains fresh for a long time and which may be fer- 
tilised by their own pollen. As examples of protandrous flowers, 
those of the Umbcllifer«, and most of the Compositfc, Lobeliaceie, 
and Campannlaceaj may be mentioned ; and of protogynons flowers, 
Aristoloohia, Arum, Scroplmlaria nodosa, and soma species of Flan- 
tago, bat this condition is less common than the preceding. 

Among the contrivanoea which lead to the cross- fertilisation of 
flowers by the agency of insects, the means of tempting insects to 
visit the flowers, such as bright colours, odours, and the secretion 
of honey, must be first mentioned. The peculiar marking of the 
flower serves in many caaes the purpose of guiding insects to the 
nectary. The form of the flower, the situation of the honey, the 
position of the stamens, and their relation to the other parts of the 
flower, particularly to the sfigma, the relative development in point ' 
of time of the different parts, all these circumstances combine and 
co-operate to secure cross- fertilisation, and sometimes to allow of 
the visits of particular insects only, as, for instance, of butterflies 
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wjtb long proboBces, though there are aleo casea in irhich the iasects 
mnst occasionally convey the pollen to the Btigma of the same flower. 
A simple arrangenient of this kind, known as lieferoslylietii or di- 
morphism, and which occnrs in the PrimnlaccEE, PnlmonarieBe, and 
others, may be mentioned here. These plants have two kinda of 
flowers ; in one form the stamens are short and the style mnch 
lon^r, so that the stigma projects above the anthers ; in tho other 
form, on the contrary, the anthers are on long filamentfl above the 
Btigma, and they are so constructed that the anthers of one form 
stand on the same level as the stigma of the other (Fig. 2-26). 
From the position of the nectary, and the form of the rest of the 
flower, an insect visiting it is obliged to take np the same position 
at each viait; consoqnently after it has visited a flower of the one 
kind, when it visits a flower of the other kind, it toaohes the stigma 
of the latter with the same part of its body with which ia the first 
flower it brushed the anthers, and thus tho pollen which it carried 
away with it from the anthers of the one flower is transferred to 
tlie stigma of tho other. Obaervations made by artificially tran^ 
porting tho pollen have shown that fertilisation is most complete 
when tho pollen of stamens of a. certain length ia conveyed to the 
stigma of a style of the same length. The same is the case with 
trimorphie plants, e.g., Oxalis : in these, three forms of flowers occor 
with three different lengths of styles and stamens. 

As examples of more complicated contrivances for the porpose 
of secnring cross-fertilisatiou, Aristolochia and Epipautis may bo 
described. 

The flower of Arigloloehia, OlematitU (Pig. 154) is protogynons ; 
insects can peneti-ate without difficulty down the tube of the 
perianth, which is furnished on its internal aspect with hairs which 
point downwards, and they thus convey the [wllon tliey have 
bronght witli them from other flowers, to the stigma j the hairs, 
however, prevent their return. When the pollen has reached the 
stigma, its lobea (Pig. 15i A and B n) spring apwards, and thus 
the anthers, which now begin to open, are made accessible to the 
insects ! these, in their efforts ia escape (Pig. 154 Oi creep round 
the anlhers, and some of the pollen adheres to them ; by this time 
till' hairs in the tube have withered, and tho insect escapes, dusted 
over with pollen which, in spite of experience, it proceeds to convey 
in like manner to aaothor flower. Those flowers which are ready 
for fertilisation have au erect poeition, and the tube of the {icnanth 
a open above so that the insect can readily enter; after fcrtilisadou 
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the pcdnncle benda downwards and the tube is closed by the broad 
lobo o£ the perianth, ao that it is impossible for insects to enter 
flowers which have been fertilised. 

In the flower of Epipactia (one of the OrchiJaceiE), the anther is 
situated above the stigma and dues not shed its jxillen in isolated 




wlttithsiioeptiDaofUielitbellDm,!. CTtas 

i^prolniMiva orgonfl, after tbo romaraL of 

the perianth, hcd from beloir uid la (root. 

DaaS, The pouit o( k leBil-penoil (t) In- 

HrU^d aftor the maoDer of the proboooii of 

id F Thn load-pencU with 

ipDiliniiiBtuwbeili /ffovarrillaliellom, 

BBt-like dopreBBlon Mrving u a 

he eonni 

tliB elagle fertile anther; p pallioiai h the 

^Bolbro, roiloUiun, i ' 

r the tabs ot the MuniuDilisi ; 

oh; n itlfrmit; a been eut oS 

lainieetiiy ovary. (ittorSn ■ - ■ - 

pmins ; bnt when a certain sticky portion of the stigma, knowTi as 
the rastellum (Fig'. 155 A), ia touched, the entire pollen-saos, together 
with the roatellnm itself, are carried away. The insect creeps into 
the flower to obtain the honey which is secreted in the cavity of 
one of the leaves of the perianth, the labellum (Fig. 155 0> i^<^> i'^ 
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the pollen 



I from the flower, it carries away the roatellam witli 
asses (pollitita). (In Fig. 155 the point of a pencil fc 
hae been introduced into the flower and the rostellnm lias adhered 
to it.) The insect, on entering the next flower, deposits the pollen 
npon the etigma. 

In the courfie of freqnent onysa-fertilisafcion it is inevitable that 
the pollen of other species of plants should be applied to the stigma, 
but while the pollen of plants of very different species is wholly 
without effect, that of nearly allied species, particularly those 
belonging to the same genna in certain groups, has a fertilising 
effect ; the resnlt of such fertilisation ia liybriditatinn, that is, the 
development of a plant which combines the characters of both 
parents to a certain extent, and which is known aa a haititrd op 
hijbrid. Hybrids are for the most part sterile among themselves, 
bnt are often fertile when crossed again with a plant of either of 
the parenUspecicB or of some allied species. While hyhriJs are 
prodaced with great case in 
certain genera, aa Salix and 
Cirsinm, in others the arti- 
ficial production of hybrids 
has never yet been foand 
possible even between very 
closely allied species, as the 
Apple and Pear. 

FerlilUalion. After reach- 
ing the stigma the pollen- 
grains protrude the poUen- 
oynta .hnrtiT after tnbes which penetrate 
yo.uc Id Kbieh M is throngh the tisane of the 
IB feriiiiiiqd ocwphare. stylo into the cavity of the 
WnriWdbT'?i^'«ii.t^I^!E!*j>rafi^" ovary, and through the 
lobo, pMiingtbroBgh thamicropjH ». micropylc of each ovule to 

ita nncellna (Fig. 156 P n). The time required by the pollen-tabe 
for this process depends partly on its distance from the ovnie and 
partly on the specific peculiarities of the plant ; thus the poUen-tnbo 
of the Crocus tokos only from one to three days to traverse the 
style which ta from five to ten centimetres in length ; bnt in the 
Orchids, where the length of the style varies from two to three 
millimetres, several days, weeks, or even months are needed, and 
it is daring this process that the ovules are formed in the ovarj-. 
In the Angiospcrms the embTyo-soc always lies at the anterior 
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end of the nncellaa, and it Bometimea projeota from the roicropyle. 
It ORDaJly contiiins t^ee cells at its posterior and three at its 
anterior end ; the former are the antipodal cells, the latter are the 
ooephere with its two sister-cellB the gijiiergidte.. The oosphere be- 
comes fertilised, and, in conseqaence of fertiliBation, it becomes 
surrounded by a cell-wall, and elongates to form the evspeneor, at 
the posterior end o£ which the en*bryo is developed (Fig. 156 E). 
Meanwhile the rest of the sac becomes filled with endofpenii ; this 
is nanally first formed by free col I- formation, but in many caeca 
it arises by the division of the embryo-sao, TboB the ovnJe becomes 
converted into the seed. 

In the endosporm the nntritiona sabatancoa which will be needed 
by the young- plant when it germinates, are stored up. In many 
seeds the whole or the greater pa.rt of the endosperm is absorbed 
by the growing embryo; in that case the nutritions substances are 
deposited either in the persistent and increasing tissue of the nucellna 
(as in Canna and Piper, Fig. 15? B P), which is called the })eri- 
iperm, or in the germ itself, 
in its coti/ledoiu, which at- 
tain a considerable size (as 
in Bean, Horae-cheatnut, 
and Almond, Fig. 157 C). 

The Fruit. Tho effect 

oE fertilisation is not fio. IST.— SeoOom ot ripe ecedi. J Sux wmiM. 
ibowlng E Buionperm. H Pipsr. ihoirtog bolh ondo- 
■nd perlBpann 




manifested only 



formation of the erobtyo en'loapcrm ; • tha tosto; • imbtyoi H iu ndiclaj 

from the oosphere and of esiwooWeaoM. 

the seed from the ovule ; bnt it extends to the whole of the gynoe- 

cium, and occasionally even to other parta of the flower. 

The word fruit, in ita atrictest semse, means the whole prodnct of 
the development of tho gyncecinia as a result of fertilisation. If 
other parts of the flower take part in the formation of the oi^an 
which is formed in consequence of fertilisation, and which contains 
the seed (of what, in short, ia commonly called the fruit), it is 
termed a spurioua fruit. The apple, for instance, ia auch a spurious 
fruit, for the ontor fleshy part belongs to that part of the axis of 
the pcrigynous flower which aurronnda the ovaries and which atill 
bears the sepals (Fig. 245 D). What are called the pipa of the 
apple are the seeds. This kind of apurious fmit is termed a pome. 
The atrawberry also b a spurious fruit t in it tho receptacle, which 
belongs of coui-se to the aiia, dovolopea largely and become* 
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and bears tlis trno fmits (achenes) in the form of small hurd 
grains. The fig is another example of a spurions fruit (Fig. 194) ; 
it is in fact a tleshj receptacle (i.e., an axis) which bears a maltitDde 
of distinct Sowers sitnated inside the cavity of the receptacle, and 
the individual frnits appear as hai'd grains; such a fmit is termed 
a tyeonits. Again, when the orariea and floral envelopes of closplj 
crowded flowers, as in the llalherry and the Pine-apple, become 
Boccnlent, a kind of spnriona fmit is formed which is termed a 

In other cases, a hnak, called the cpula is formed, which contri- 

bntes to the formation of a spsrioas frait : this is formed of leaves 

and is not developed antil after fertilisation ; it may snrronnd either 

a, solitary distinct frait, like 

the acorn-cnp (Fig. 211). or 

several distinct fmits, like the 

fonr-valved spiky hnsk of the 

Beech- tree or the prickly 

hnsk of the edible Cheatnnt. 

When the fruit consists of 



ivanes, it i 




lid to be apo- 
iples of this 
occur in Ranunculus, in the 
Raspberry, where the indi- 
vidual ovaries are sncculeat, 
and in the Star-anise (Fig. 
158). The individnal fraita 
may be developed in very 
different ways ; they may be 



r succulent. 
When the fruit consists of a single polj'merous ovary, it is said 
to be tynearpout. When the locnli of such a fruit separate from 
each other dnring the process of ripening, so that it ultimately 
I appears as if a number of distinct fruits were present, it is termed 

I a sehitoeatf ; when two only are present, each of these is termed 

I » riuirieiirp, as in the Umbellifera) (Fig. 159) ; in the Geraniaceo, 

^ where there are several distinct fruits, each is termed a coccus ; and 

^^^^K in the Maple each fruit is winged, and is t«rmed a eamara. The 
^^^^^■^fedividnal cocci are always indehisccnt. 
^^^^^K In various mnltilocnlar ovaries only one locnlns becomes fully 
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dovelopecl and bears seeds, as in Valerian and the Oat ; tlio others 
nre abortive. It happens in rare casea that the fmit becotnea per- 
fectly formed without any development of seed op embryo, as in a 
particular seedlesa variety of Grape. 

In all tmo fmits the wall of the ovary forms the pericarp or 
rind ; this osnally consists of three distinct layers ; tho external 
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Fio. IW.— Diy ilehUoBnt fmU*. JThspod (iBgnme) of the Pea; rtha dorsal s^la™ ; b 
thi TcntTBl; c ctijii iMedi. £ El«ptlsld>] Mpnls ot Ool'ilileum nxtumnalt : ///Uictbrn 
■apantliig carpeli. C BlUqna of Bruilo r !• tbo fsliresj <e tbe dluepimsnt and plicenm 
{nplam); lacedi; 17 sty In ; n sllgmii. DCupsale. op«iung bypons. ol Pojiaivr imntii/frum, 
thePoppyinslignii: j the porcswhieh open bj- tha remor»l of ths *«It8» (aX S PjiiJiom 
of HjoflCTvnaii d thelidi » tbfl dluepiment; 1 uedL 

layer is the epiearp, the middle the megoearp, and the innermost the 
endoearp. The following varieties of tme frnits have been distin- 
gnished by the pecnliarities of these three layers of their walls — 
whether they are dry or snccnlent, hard or soft, — and by the mode 
in which the fmit opens to allow the seed to escape. 

A. Dry Fitmia. The pericarp is woody or coriaoeons j the sap 
Las nsnally disappeared from all tlxo cells. 

I. Dnj IndeliUcenl Fruils. The pericarp does not raptur 
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enc]oBBS tlie seed until germination ; the testa is osoally thin and 

frequently coatescent with the pericarp. 

(1) One-seeded froits : 

(u) The nut (glaas), e.g., hazel-nnt (bnt not the walnnt) ; the 
dry pericarp ia hard and aclerenchymatoua. 

(Ii) The aefteiifi (anperior} r the pericarp is thin and coriaceous; 
e.g., the Rose and the Bnttercnp. The similar fruit 
of the Compositoe ia a cyptela (inferior). 

The Iniit of OniHses, termed a caryofsit, is vet; umilu- to 
the Bchenc ; it diScrs from it in that tbe tests uid the pedc&rp 
cIobbI; adhere, vliereaa in the ochene they are not adherent. 

(2) Many-seeded fruits {nchisoenrpit) -. these comnionly split intu 
one-seeded fruits, which usually enclose the solitary seeds until ger- 
mination, 6.g , the TJmbellifertB (Fig. 169), Gemniaceie and Maple. 

II. Dry Dehiscent FruiU. The pericarp ruptures and allows the 
seeds to escape ; the testa ia nsiially firm and thick ; they are com- 
monly many- seeded. 

(1) Dehiscence longilndinal. 

(a) The /oI/(W«, consisting of a single carpel which opens 
along the ventral suture, where also the seeds are 
borne, e.g., Pieonia and Illicium (Fig. 158). 
(b} The legume or pod likewise consists of but one carpel 
which opens along both the dorsal and ventral sntnreB 
(Fig. 160 A, transverse section Fig. 145 A) : e.g., the 
Vetch, Pea, Bean, and many other LeguminostB ; in 
some coses (Astragalus) a spurious dissepiment 
occurs. 

The tonMntuM is b modifioatioii of tbe legnme ; it i» oon- 
stiiiited between tha seeds, and it is either indeliiwent or It 
breaks acroBS, when ripe, at the eonstrioted parts. It OMlin in 
the Hedjsarem. 

(e) The tiliqua consists of two carpels. The two carpels 
when ripe separate from the base upwards into two 
valves, leaving the spurioas dissepiment {replam) 
which remains attached to the apex of tbe pcdnncle, 
and to the mai^ns of which the parietal plocentv 
ara attached ; e.g.. Rape, Uustard, and most of the 
Crnciferre (Fig. 160 0). 

When tbe siliqua ib short and broad, it it termed ■ lilUuUi, 
as in Tbiwpi and CapaelU. In some casei. as in the Radish, 
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the ailiqna is joicted and iadehiBcent, broaking trsDBvsreelf in 
□ne-aeeiled portions. It roaemblea the lomentam, nnd is there- 
tore said to be lamentaecoui . 

(d) The capsule is deriTCiJ from a polymerona ovary which 
may bo nni- or mnltilocnlar ; it splits inta two o 
■valves, either for a short distance only from the opes 
downwards, or down to the very base (Fig- 160 B). 
If the carpels become separated from each oUier, and . 
in the case of moltilocolar ovaries this involves t 
splitting of the diasepiments (Fig. 161 A), the dehis- 
oence is said to be s^tieidal; if, on the other hand, 
each carpel splits along its dorsal eutore, the dehis- 
cence is said to be loculieidal (Fig. 161 S). In 
mnltilocalar ovaries the dissepiments may be per- 
sistent and remain either attached to the middle of 
the valves (Fi^, _ 

161 B), or united 
into a column 
which is free 
from the valves ; 
in the latter case 
the dehiscence is 
said to be ef^ti- 
fragal (Fig. 161 
0). 

The capanle la 
neuatljaaperior, but 




Fie, lei.— Dta«rMninalIc«ectLoniot 
capanlaa. A SepUcldiU, B looulicldal, C K 
frugal dohtflcencfl. 



IridaeeiB and Cam- 

pannlaoeiE, it ia inferior ; a apeoial term, diplottgium. is applied 

to the iofenor capsula by Bame aathoTS. 

(2) The form of capsnle known aa B.pt/ridium has a transverse 
> dehiscence, e.g., in Planti^o, Anagallis, Hyoscyamns (Fig. 160 E) ; 

the npper part falls off like a lid. 

(3) The porous caj>s»le, e.g., the Poppy (Fig. 160 D), sheds its 
seeds throngh small holes arising from the removal of small por- 
tions of the wall in certain spots. 

B. SucCDLENT Fruits. In these the pericarp (or at least some 
layers of it) retains its sap nntU it is ripe, and nsaally becomes 
fleshy at that stage ; it is indehiscent. 

(1) The dru^tt (Fig. 162), e.g., the Plum, Cherry, and Walnut. 
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Tho most internal layer, the endocarp, is very liard and Bclerencliy- 
matouB (Fig. 162 E), and oncloses the seed until germ inat ion ; the 
mesocarp is generally saccalont, and the epi- 
carp is a delicate memfanine. 

(2) Tho berry (bacca) ; the endocarp is 
soft and jaicy as well as tho mesocarp, bo 
that the seeds are imhedded in the pericarp : 
thei-e may be one seed only, as in the Date^ 
or many, as in the Gourd, Currant, aud 
Gi'apo : the fruit may have one loculus, as in 
the Grape Qnd tho Gonrd, or ecveral loculi, as 
in the Orange ; and further, it may be hq- 
Fio. ira.— Longitndinsi perior, as in the Grape, Orange, and Lem.oii, 

•eoUoo o( Iho drupe nt l,ho . . . - ,i_ c . ^i. c t_ 

Almond: I ihe aoad «i- °^ infenoT, as in the Onrrant, the trooseberry, 
tubed by tha (aniola {/); aod the Gourd. 

th.T'm^^r^^^J iZ The secLh of dehiscent fruits are nsnally 
epicurp— thesa cauuiute provided with various contrivances to ensnro 
[h8pertc.rp(p). j[,p^ dispersion; in tho case of indehiscent 

fruits, the fruit itself is thus provided : of this nature are the 
wing-like appendages of the fruit of the Maple and of the seeds of 
many Caryophyl lac eons plants, the hairs upon the fruit of the Com- 
positsB, and upon the seeds of the Cotton, the Willow, and the Poplar. 
The coatfi of many fruits and seeds have layers of cells which be- 
come estremely mucilaginous, e.g., the Quince, the Flax (Unseed ), and 
the Plantain. The fruits of Geraninnk aud allied genera have long 
beaks, by means of which they bury themselves in the soil. 

Some seeds begin to germinate as soon as they are shed, bnt for 
the most part a period of reet is rettnisite ; if this is too much 
prolonged, they lose their germinating power. 

The Injloreicence. It is only in comparatively few plants tlwt 
the first or main axis torminatea in a flower ; such plants are scud 
to be uniaxiiil .- it is not nsualiy till the second or third branch, or 
one of even a higher order is developed, that a flower ia produced ; 
Buch plants are said to bo bi-, tri-, or puiy-asial. 

The floral axis of Aogiosperma frequently forms an elaborate 
branch-system which is usually sharply defined from the vegetative 
part of the plant, and which bears no leafy structures beyond thoso 
of the flower except bracts. This is known aa the i-njioretcenee. 

In tho inflorescence, as nsaally in all parts of Angiosperma, 
the branching is almost always monopodial and axillary. Soma 
apparent exceptions may be easily reduced to this type ; thus, in the 
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9 of most o£ tho Crnciferop the bractti at the bases of the 
individnal pedicels ara abortive, a,nd the same occnrs in many 
of the Compoaitte; in the Solanaceio and Boraginem the bract often 
nndergooa displacement, so that it appears to be inserted laterally 
npDn the axillary shoot ; on the other hand, it sometimes occnrs that 
the axillary ahoot is for some distance adherent to the main shoot. 

A long flower-stalk with no leaves or with only a few sinaU bracts, 
which bears at its npper end a crowded or a sharply defined inflor- 
escence, is called a seape. 

In accordance with the principles of branching already laid down 
on page 20, the different foi-ms of inflorescence may be classified as 
follows : 

A. Eacemoie xnfioreseenee* : conairting of a main axis or rachis 
bearing a nnmber of lateral branches which have been developed 
in acropetal snccession ; the lateral shoots do not nsnally grow 
longer than that portion of the main axis which lies above their 
insertion. It ifl immaterial whether or not the main axis termin- 
ates in a. flower. If the lateral shoots of the first order — i.e., those 
which spring directly from the main axis of the inflorescence — -ter- 
minat-e in a flower withoat any further ramification, the inflorescence 
ia said to be limple, hut if they branch it is said to be compowad. 

I. Simple raeemoge iafloreseenoes : 

(a) Witk ail elongated txit : the lateral shoots, which are the 
pedicels, spring from the axis at some distance from each other. The 
three following forms may be diatingniahed : 

(1) The spike, in which the flowers are sessile on the fioral axis, 
or have very short pedicels (Fig, 163 J) ; e.g., the infloreacence of 
the Plantain (Plantago). 

The small Bpikes of the Olumales are termed tfikeieti {Fig. 171). 

(2) The spadiiT, which differs from the spike only in having a> 
thick and fleshy axis ; a large bract forming a sheath, called a upaike, 
commonly grows at the bane of the inflorescence and eavelopM it 
more or less ; e.g., Arnm and Richardia. 

(3) The raceme, in which the flowers have long pedicels of nearly 
, equal length; e.g., the Cruciferoe, as the Kadiah, Cabbage, eto. ; in 

these the bracts of the individnal fl.owers are not developed ; also 
Berberia and others, but not the Grape-vine (below No. 7). 

(y3) With a short axis ; the flowers are set closely together on the 
short or flattened main axis. 

(4) The eapilulum (bead) in which the abort main aJtia is conical 
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or disc-Bhapod or even, hollowed out, and is closely covered with 
aesBile flowers (Fig. 1G3 jD) ; e.g., the CompositaB, aa Dandelion, 
Sunflower; also the Scabious. The bracteoles (palese) of the indi- 
vidual fiowerB (Fig. 163 Dp} are somotimea wanting; bnt the whole 
head is sarronnded at the base by a number of bracts forming an 
involucre (Fig, 163 D c) which gives the inflorescence the appearance 
of being one flower- 

(5) The umid, composed of a large nnmber of flowers with long 
pedicels which 
spring together 
from a very 
short axis which 
commonly ter- 
minates in a 
flower (Fig. 163 
Cd); e.ij., th« 
Umbellif ers and 
the Ivy. The 
bracts of tho 
cenco«. geparate pedi- 
eilDLni eels forming tha 
°- rayt are usually 

present in diminifihed nnmber ; they form an involucre. 

II. Owipound racemosB inftoreicencet are formed when tho lateral 
shoots which bear the flowers as described above are again branched, 
or, in other words, when inflorescences of tho types above enume- 
rated are nnitod to form a larger inflorescence ; for instance, when 
several capitnla are arranged ou the main axis in the same way as 
the flowers of a raceme. The same terms are applied to the first 
ramiScation of the compound inflorescence as to the simple ones 
described above; the above-mentioned example, for instance, is » 
raceme of capitnla, and is termed a capitulate raceme. Compound 
inflorescences may be classilied as follows : 

(o) Homogeneoiishj eompoand; in these tho branches of the flrel 
and second (or higher) orders are of the same character. 

(6) The eomponnid spike ; in this form many simple spikes ar« 
arranged on tho main axis of tlie inflorescenoe in tho same vray m 
tho flowers in a simple spiko, or, in other words, tho main uds of 
the spike gives rise to secondary spikes instead of to single flowers; 
e.g., the inflorescence of Wheat, Bye, etc. 

(7) "DiecompoHttd raeemii in tlua case smaller racemes grow OB 



Fia. 163.— Dlagnnu ot tbo TorietlBiior racei 
A Bpikg. B GompanQd mcanie, C Cotnpoo 
d1 iliB nmbeli (iDTOlaorsi d, ueuDdar; rayi 
1, inTOlncel. O A rat^lDlam ; t Isiolncroi b B( 
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tile main axis of the raceme ; the ramificiition is in many caaea 
Btill further repeated in such a way that it is more complex at the 
base of the primary raceme than towards the apex ; e.g., the Qrape- 
Vine (Fig. 163 B). 

(8) The eompotmd umhel (Pig. 163 C). This ia far more common 
than a simple umbel, and is in fact nsnally called an umbel ; the 
separata simple umbels (Fig. 163 C d) are then called vmbeUuUg 
and their respective involncres are invulueeh. 

{P) HeterogetieotisJy compound injioreseences ; in these the branches 
of the different orders are dissimilar. In consequence of this so 
many complicated forms arise that it is impossible to enumerate and 
name all the combinations. As examples, the following will only 
bo mentioned : the capilulate raceme, which conaists of a number of 
oapitula arranged in a raceme ; it occurs in many of the Composite 
e.'j., Petasites : the spicale capitultim, which canRistA of boreral 
spikes forming a capitalam, as in the Scirpeie : the apieate raceme 
which occnrs in many Grasses, in which the last branches of a 
componnd raceme are spikes. 

B. Oymoae infloreaeen^et. The main axis, which terminates in a 
flower, produces below its apex one or a few lateral branches — rarely 
several — -which also terminal* in flowers, but grow more vigorously 
than the main axis and repeat the same type of ramification. 

I. In the simple eyme the ramification in the secondary and 
higher orders follows the same type. 

(a) Without a peeitd-axls (see page 20). 

(9) The cyme; beneath the terminal flower spring several — three 
or more — lateral shoots of equal vigour, e.g., many Euphorbise 
This inflorescence greatly resembles the true umbel, and in fact 
cannot be distingaished from a true umbel which has a terminal 
flower. The identification of an inflorescence as belonging to the 
cymose type depends in many caaea on the fact that in the higher 
orders of branching the cymes are reduced to dichasia. 

(10) The diehnnium (Figs. 18 and 19 0) consists of only two 
equal lateral shoots arising at the same level below the termini 
tlowor, and branching in a similar manner. The successive false 
dichotomies commonly decu.ssate ; e.g., Valerianella and the weaker 
inflorescences of many Enphorbi». 

(0) With a pseud- a^is. 

(11) The helicoid cyme (bostryi) : 
successive ramifications always occar c 



; lateral branches of the 
le same side (Fig. 19 D): 
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this is frequently found in Monocotjledone, Bach as Hemerocallia, 
Omithogalum. Alstrcemoria. 

(12) The georpioid eijme (ciciimtis) : in this the lateral branches 
occur alternately on opposite eiiiea (Fig. 19 A and B). 

Recent reiesrebeB have ahown, however, that in jQanjcaaeB(vaiionB8olBnacea> 
knd Boraginen) the ao-called Korpiaid cjineB are mooopodial ; the axk is 
therefore not a peend-aiia but a tme one, and the inflorescence moat be regarded 
Ks a imihiiteral raceme. 

II. Compound eijmose injtoregeeneei ttriee on one hand from the 
reduction of the ramification la the higlier orders, aa, for instance, 
when the secondary members of a cyme are not cymes but dicfaana ; 
these are diehaeial cymes ; they occur in miuiy Euphorbice : ogun. 
when dichasia terminate in scorpioid or helicoid cymes. On tho 
other hand it somettmea oucnrs that helicoid cymes are combined to 
form scorpioid cymes, as in Geraninm. 

C. Compound racemose and c/aiose injloreeeenceg. It may occnr 
that a componnd inflorescence changes in type in the different 
orders of ramification. Thus the branches of the first order may 
exhibit a racemose arrangement, and those of the second a eymose 
arrangement, sa in the dichasial racemes of many Euphorhite {e.g., 
E. Erula, amygdahides), in the scorpioid racemes of the Horse- 
chestnut, and in the hehcoid capitula of many speciee of Alliam. 
On the other hand the brauclios of the first order may have a 
Cymosc, and those of the second a racemose arrangemeat ) for in- 
stance, the helicoid cymes of capitula in Cichoriam. 

Finally, there are certain terms nsed in describing inflorescences 
which refer only to the general external appearance rather than to 
the mode of formation of the inflorescence : thus, the panicle is a 
pyramidal inflorescence generally of the racemose type, at least in 
its fii-st ramification; the corymb is a componnd racemose in- 
florc!!cence of which all the ultimate ramifications tic in one plane 
and bear flowers, e.g., many Cmciferte: the ametitum (catkin) is a 
simple or componnd inflorescence, asnally pendnlons and elongated, 
bearing inconspicaous Bowers, which falls off entire from the plant 
when the flowering is over. Of eymose inflorescences there is tho 
/iucicle, consisting of a number uf flowers on pedicels of equal leng;th 
(Sweet William) ; the glomerule (Nettle and Box) or vertietUashr 
(many Labiatro), consisting of a few sesfiilo or shortly pedioillate 
flowers ; and the antliela, which is a componnd inflorescence, in 
which tho branches of tho first order are gradually shorter from 
bolow upwards (or i-athcr from without innai-ds), as la Juncaccaa. 
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Class IX.— MONO COTYLEDONS. 

The embryo Aas hut one colyledon, the endosperm k 
dant iH the ripe seed 

The embryo la asnally 
email in tompariscn with 
the maBH of endosperm 
(Fig lb4 lec} The 
ajcia of the embryo ter 
mmateB at the posterior 
end m a very short ra 
dicle and bears anteriorly 
a sheatlimg cot) ledon 
which IB eonaiderably 
larger than the whole of 
the rest of the embryo, 
and n hich not nnfre- 
qnently encloses one or 
more of the first mmate 
alternating leases 

On germination, the 
upper end of the totjle 

the seed and absorbs tho 
nutritions bubstances dc 
posited in the endosperm 
(Fig. 164 II.-IV.) ; the 
lower part of the cotyle- 
don elongates and pushes 
the rest of the embryo 
ont of the seed. In 
Grasses the cotyledon has 
s, peculiar shield- like 
form, and is termed the 



'tsaalli/ ahu> 
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Fio. IB*.— OermlnatioB of Pfumii ioolvlifiiTfl, 
dDimuitiKd. JI/.,I)'.SilTerenUt«geiDf trermlr 

homy flndaflparra ; « Cha iluiath or the cotyludnn i 
Drgunot BbKrpiIon which ginduBllr eocaiunu i 

(b') becdmaa Ibe Qru fDllcec-lcoTi u B and C iu 
SiKitu.} 




tie Dim. I. Tnuiivtng >■ 
tionfir.theaatunlaiie}. .1 TmiKBru 
inoItboteedlmgBtiii: Catii. >Tbs 

a sndoiiwnD und g.t lenglh ocoDpiu It* 

olded lamiaa ia aeea cat across. (Atut 
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iciUellum (Fig. 1Gb te) : in the ripe eeed it almost entirely encloses 
the embiyo, and is in contact by its enter surface with the endo- 
Bperm ; daring germinatioa the cotyledon absorbs the nutritions 
matters contained in the endosperm, while the stem with the other 
leaves grows out of the seed. In other Monocotyledons the coty- 
ledon is either a sheathing scale, or it is the first green leaf, differing 
bat little from the Foliage-leavea which are snbseqaently developed. 

The primary root nsaally remains small and Incouspicuons ; ad- 
ventitions roota are developed in snccession at higher and higher 
levels npon the stem 

The stem of Monocotyledons is traversed longitudmally by aeat- 
t«red closed hbro- vascular bundles it has therefore nogronth in 
thickness by the i 



binm In a few genera only aa 
Ynci.a and Dracmna, it grows 
subsequently in thickness by the 
formation of menstem m the ex 
(ernal layers of the ground tissue 
fz Lm n Inch additional closed 
hbro vascular bundles are de- 
veloped 

The axis of the embryo m 
many cases continues to be the 
main ana of the plant at first 
it IS thin and weak and since no 
subscijnent growth m thick 
ness of the stem takes place, and 
since the snccossive portions of 
^'V^ the stem are thicker and more 




Fia. IDC— LangltndlDitl 
Of 2Mlt.<t t" kboaC «): 



m ohlier leM dcnw part of 



■ oi iha gimin; vigorous, the whole stem grada- 
iha oBJonpiTOii ^j] assumes the appearance of 
11 « lu Kpexi an inverted cone, bat when the 
■ IK) (tie plant has reached a certain 
itinioir- height it may then grow cylin- 
noos of th« amhrroaui luiia (ti). (Alter drically ; this is the reason why 
in Palms, in the Maize, and other 
similar erect stems, there is a diminution in thickneKa at the lower 
end. Frequently, however, the primary axis of the plant perishes 
when it hau ^ven rise to lateral shoots. 

The arrangoraont of the loaves is at first alternate: when the 
stem is well developed this alternate arrangement often passes over 
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into complex spiral arrangementB, as in Fritillaria and ia Paims, in 
which plants a crown of leaves is conspicnous. In the Grafisea and 
ft few other families, the phyllotaKis is permanently alternate. A 
whorled atTangcment of the foliage-leaves occara bnt rarely. 

The leaves commonly have a diatinctly developed sheath bnt no 
stipnles. The lamina is nsually entire, simple in ontline, often long 
and aaiTow, linear or ensiform, more rarely orbicular, cordate or 
saifittat*. Branched leaves occar only in a few of the Aroidete. 
The pinnato or palmate leaves of the Palms acquire this form by 
the splitting of the originally entire lamina, and the same is the 
case with the perforated leaves of many Aroideie. 

The venation of the leaves is characterized by the fact that the 
weaker veins do not nsaally project on the nnder snrface. In linear 
leaves, and in snch as are inserted by a broad base, the stronger 
veins ran almost parallel ; in broader ones, e.g., Lily of the Valley 
(Convallaria viajalis), they describe a carve which is more or less 
parallel to the margin ; the weaker veins nsually rnn at right 
angles between the stronger ones. In the Scitamineee and a few 
other plants, a number of parallel transverse veins lire given off at 
variona angles (sometimes very acnte, and sometimes nearly right 
angles) from the median vein. Reticnlate venation of the leaves 
is very nnnsual ; it occurs in Aroida and in forts quadri/olia. 

The flower of Monocotyledons consists typically of five alternating 
s whorls, two belonging to the perianth, two to the an- 
one to the gyncecinm. Thus the typical formula is .^, 
Cn, An + n, tJn, where n in most cases = 3, more rarely = 2, 4 or 5. 
The members of the perianth usually resemble each other in texture. 

This type is most closely adhered to in the Liliacete. The first 
departure from it is exhibited in the abortion of the inner whorl of 
stamens in the Irideie, and in the interior position of the ovary. 
This latter character occurs atao in the Scitamines and Orchidaceoj, 
which are also characterized by the aygomorpbism of their flowers 
and the considerable reduction of the andrcecium. 

Other various and considerable reductions of the parts of the 
flower occur among the Aroidote, and constant reduction in the 
Glumales and Tj-phacete. 

In the case of certain water-plants, development appears to have 
been arrested at an early stage. In others, the number of 
the members of the gynoscinm and to some extent even of the 
andrtecinm is not constant, and the spiral arrangement predomin- 
ates (Alismaccte). 
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The Bunply organized water 


plants may be regarded in some 


cases as reduced forms, as the Lemnaceie, whUe some seem to bo 




as the Naiadete. 


The Monocotyledons may be classified as follows : 


Snb-claaa I. NUDrFLOR^. 


Snb-classII. PETALOIDE^. 


SericB i. spadiciflorj:. 


Series i. HTPOGTN^. 


Cohort 1. Potamales. 




Order 1. Naiadh*. 


Cohort 1. Alismales. | 


Cohort 2. Arales. 


Order 1. JcNCAQiUEa. 


Order 1. AroidejI. 


„ 2. ALiaUACKjK. 


„ 2. Leunacbje. 


„ 3. BCTOMACE*. 1 


„ 3. Pasd-lve*. 




„ 4. CVCLANTHE.. 


Cohort I. Com m el y nates. 


.. 5. TvPHAc.^. 


Order 1. Xvbide*. 


Cohort 3. Palmales. 


„ 2. CoailELYNACEi. 1 


Order I. Palmji. 


Cohort 2. Liliales. 


Series ii. GLUMIFLOEJ:. 


Order 1. Liliacex. 


Cohort 1. Glumales. 


„ 2. JUNCACGJi. 


Order 1. Gramlvt:*. 


„ 3. PONTKDEKUCKa. 


„ 2. ClPEBACEiE. 


Series ii. EPIGYVf. 


Cohort 2. Restiales. 


Cohort 1. Hydrates. 


Order 1. Eriocacm)se«. 


Order 1. HTOEOCHABIItACE*. 


„ 2. Eesiucsli. 


Cohort 2. Dioscoraies. 




Order 1. Dioscore«. 




„ 2. Taccacej!. 




„ 3. Beomemaces. 




Cohorts. Amomales (Scita- 


^^^^^^^^ft 


mines). 


^^^^^^^^B 


Order 1. Ml-sace*. 


^^^^^^^^M 


„ 2. ZlXGlBEEACEi. 


^^^^^^^^M 


„ 3. MiRA!JTACE«(CjU(- 


^^^^^^^^M 


NACE-K). 


^^^^^^^^m 


Cohort 4. Orchidales. 


^^^^^^^^1 


Order 1. Obchihe*. 


^^^^^^^^B 


Cohorts. Narcissales. 


^^^^^^^^^ 


Order 1. Irerk*. i 


B 


H 2. AllARTLLl?E2. ' 

J 



L 



OBOUF IV, — PHANEROGAMS. 



eUB-CLASS I. NUDIFLOR^. 

Flowers anisexTial or hermaphrodite: perianth wanting, c 
Bistiag o£ scales : ovary superior . 

SERIE3 I. BPADICIFLOB^. 

Flowers QsuiLlly in a spike or spadix with a spa 
solitary : anthcra naually eitrorse, or dehiscing by pores. 

Cohort 1. PotamalesI Order 1. Naiadei. Perianth 0, or of 
2-4 segments: stamens 1-4: gyncecinm apocarpons, ovaries 1-4, 
with usually a single erect or suspended ovule: seed without 
endosperm. Water-plants. 

Iq the genQB Naias tha flairen aie salitnrj or in Bpikcs. and are ditociona: 
penaatb : male flowers nith 1 Btanien, fsmale lluwtira nitlt 1 c[irpel : ovula 
eraot. N. findii is the onlj British epecieB. 

The Saweia of FlmcogioBtis generally resemble thoBe of Nnias, but the male 
flower has 3 stamecB, and the (emiile 2 carpels. This genus is found in the 
Mediterranean. 

In Zoetera, the Qrasa-wraFk, the flowers are imiBBiual, moDtccians, and 
vithoul a periautb; the; are borne in two rows aa one side of a apadix; 
■lamen 1. oaTpel I. Zoslera marina and nana are the British speoies. 

Zostera and Phucagrostis live in the brackiah water of ostuaiiea ; the; are 
lemarkable in that their pollen-giains are Gliform. 

Iq ZaDichellia, the Homed Poudneed. the Sowers are montcoions, and are 
solitary or in spikes ; male flower, perianth 0, stamen I ; female flower, perianth 
bell-shaped, carpels 4-6. Z. pabutrit is the only BritJBh speciflB. 

In Buppia, the TobsoI Pondvfeed, the flowers are hermaphrodite, and there are 
generally two oa a spike; formnla P0,A2,Gi. B. marilima is the British 

In Potamogeton, the Poodweod, the flowers, which are hermaphrodite, are in 
ipikes ; general formula P4, ^3 + 2. Ox4; the etomens are inserted on the 
segraents ol the perianth. This gonna is lepresented in Britain by many 
speaies : in some (P. piuitiui) the stem bears only snbmerged leaves which are 
narrow and linear ; io others the leaves are somewhat broader [P. demtu), and 
in others again it bears a few broad leaven which float on tha water [P. nahiiu). 

Cohort 2. Arales. The flowers are small and namerons, tho 
inflorescence a spadix or a panicle with thick branches, commonly 
enclosed in a greatly developed spathe ; the bracteoles of the in- 
dividual flowers are frequently wanting; perianth 0, or polyphyl- 
lous; the flowers are nsnally diclinons, but both sexes frequently 
occur in the same inflorescence : gynoecium apocarpous or syncar- 
pooB : the seeds hare a lai^e endosperm : the embryo is straight 
and minute. 
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Order 1. Ahoidej:. Flowers monoecionB or hermaphrodite: peri- 
anth or of 4 seg^menta : etamenfl many or definite ; ovary uni- or 
multilocalar : fmit a berry. 

In many of the genera the flowers are complete and conform to 
the monocotyledonons type, Kn, Ca,An + ji, G (-), where n may 
stand for 3, 2 or 5, a^ in Aconis (Fig. 166), in which the flowers are 
exactly typical. In other genera, however, the flowers are rednccd 
in various ways and degrees; not only does the perianth disappear, 
bat the nnmbor of the stamena and carpels is frequently dirainiahed. 
An extreme case is offered by those diclinons flowers of which the 
male consists of only a single stamen, and tho female of only one 
monomerone ovary. These mneh rcdnced tlowcra are disposed in 
regular order on the spailiic; thns in 
Aram (Fig. 167) the nameroas female 
flowers, consisting each of one carpel 
(Fig-. 16?/), are inserted on tho base 
of tbe spadix, and the male flowers, 
eaeh consisting merely of a few ata- 
mene, are closely packed higher up 
on it (Fig. 167 o). The upper part 
of the spadii is covered with raili- 
menlary flowers (t, c). When, as in 
this case, the perianth of tho true 
flowers is wholly wanting, the whole 
inflorescence may assume tho aspect 
of a single flower; bat irrespectively 
of tlie nameroas intermediate forms 
a male I which are to bo fonnd, such a view is 
SI B tho ootenable when it is borne in mind 
= -i-^t that here the ovaries are invariably 
situated below the stamens, while in a flower they are invariably 
above them. 

The stem may be underground, a taber, or a rhizome, or it may 
be aerial ; in the latter case it often climbs, clinging to trees by 
means of aerial roots. Tho leaves are either alternate and dis- 
tichons or, more often, spiral with a divergence of J. They are 
rarely narrow, linear, or enisform, and commonly consist of shoath, 
petiole, and blade; the venation is reticulated, and the leaf often 
exhibits a more or less complicated segmentation. 

Snb-oider 1. Odontcji, Flowera nsua-Uy hermnpbrodite and with ft pBriantfa. 
jlcoTiu Caloniu, the Svect Flog, original]; a oxlive □( Asiu, is found ocoa- 
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eionnll; in ponds rwd ditabea in Britain. The nnderground rhizoma beun long 
eaaiform leaves and a trian^lar scape fccariDg a terminal spadix which, how- 
over, is poaliod on one side b; the apathe which is long and narrov, and appesra 
u a prolongation of the sta-lk. The spndix is closely oovered with perfect 
flowers (Fig. 166). 

Sub-order 3. Auks. FIdwus diclinous and withont a perianth. 

Arum maeulatum, tho Cackoo-pint or Lorda-nnd-Ladiea, ie common in wooda 
and hedge-rows ; I he large green spathe completely envelopes tho spadiifFig. 167). 
Riehardia rthiapica is a cottivated plant well known nndcr the name of OoDa 
or Coloaasia ; it has a large white funnel-shaped spathe. The species of Philo- 
dendroD have climbing stems and large Leaves which are frequeoU; perforated. 

Pittia StratiaCei, a tropical water-plant, is oLaraoterized by having the floweiB 
on the Bpadii reduced to tno, one male llrjwer, and one female flower consisting 
□f a single carpel; the xpadii and spnthe are adherent. It appears highly 
probable that the Lenumceai, mentioned below, are in fact very Bimple forms 
of this family. 

Order 2. Leunaces. Stem leaflesa. Each inflorescence consists 
of two male flowers and one female flower borne on a lateral pro- 
minence of the stem : the male flowers consist of a single stamen, 
and the female flower of one carpel. 

Lemtia trinilca, pBlyrhiia, minor and gibba, are known as Duck-weed; they 
are common in tanks and panda, floating on the water. The stem, which il 
leafless, is almost flat, resembling a thallns : it bears 
two rows of brauches (Fig, 1GB), as also roots on its 
nnder surface which are suspeodud in the water. Boota 
are, however, absent in Wolffta arrh'na, which is also 
devoid of flbro-vascular bundles: its flower has no 
spatho, and it bears only one row of branches : it ia 
the smallest known floveriog plant. 

Order 3. Paspasej:. Flowera dioscions, 
perianth ; the female flowers each consist of 
a single carpel ; they are closely crowded on of imm 
the apadix, which becomes a spurions fmit 
the male flowers have numerous stamena. 




bnucbes loat. ilu). 



Pandanut ulilit, the Screw-Fine, and other tpeciet, form thickets in tbe 
tropics, portioularly on the banks of rivers. The straight woody sterna, which 
snbsequenlly branch, give off numerous Btrong roots which attach them to tho 
soil, and bear crowns of largo narrow linear leaves, the margins of which are 
fregcently set with sharp Bpinons teeth. The tough fibTO-vaseular bundles ara 
used for the manufacture ol Eabiica. 

Order 4. CyCLajjthej;. Plants of a palm-like habit in Southern 
and Central .America ; the flowers, which aenally have a perianth, 
are disposed on the apadix in regular spirals ; they are moncecioua. 
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Order 5. TTFiiACEiE. Flowers moncecioua, the perianth repre- 
sented only by scales or hairs. Stamens 1—6. 0\Tiiy monomerona 
containing one ovule. Inflorescence a spadix, without a spathe, 
elongated or compact. 

la Sporgsuium, the Bur-reed, the inflarescences ore epIioricBl ipikea wbiflb 
■re boiue terminal]; and l&terall; in two rows on tlie npper port of the ■lem- 
The tower spikes bear only lemaleood the upper on); mole Qoners ; the periuith 
contuBtB of Bcalei ; aUmeiig 3-3, free. Sparganium ttmpUi and ramuium ara 
not r&re in ditches. 

Tfpha, the Reed-mace or Bnlnisb. beara its flowera on a long ternuiia] spadix ; 
(he male Doweraare bomo at the upper and thinner portion directly on the main 
axis; on the lower and thicker portion ore borne Hie female flowerB, which grow 
partly on the main axis and partly on very short lateral shoots ; the perianth is 
replaced by long hairs ; stamens 3, monadelphons. Tgpha angattifolia and 
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a bogs and wet places. 



Cohorts. Palmales. Order 1. Palms. The flowers are dioecions 
rarely hermaphrodite or polygamons, and they 
generally conform to the type K3, (73, A3 + 3, 
Q—: in rare instances a larger or a smaller 
nnmber of stamens are present : anthers some- 
times introrse: carpels, in rare easi/s, only two 
or one: ovary m,onomerouB, or polymeroua with 
from one to three looali. The flowers are in- 
serted with or withont bractooles on a spadix or 
on the thick axis of a spicate or panicalate in- 
florescence (Fig. 169). 

Their mode of growth is somewhat varions. 
Most Palms bear their leaves closely arranged 
cha- "* ^ crown at the top of a tall or of a quite short 
ibiLk stem, which is clothed for some distance below 
" ■ its apex with the remains of the older withered 
odhBpBnaniii; /ovary leaves. Bat in some genera, e.g.. Calamus, tie 
'" *'■ stems creep or climb and the leaves arc inserted 

at some distance from each other. The blade of tho leaf commonly 
splits in the course of its growth, assaming a palmate or pinnate 

Palms chiefly inhabit the tropics, particnlarly the Moluccas, 
Brazil, and tho region of tho Orinoco. 
PhanLc daclylijfra (the Date Palm), a native of Asia and Africa, baa pin- 



natlGd leavea. Of the three ovaries, one only developeB to form the Iniit nhicb 
is known bs the date ; the stone of the date conaiBts of ft verj thin testa enclosing 
the large msas of endaapetm in which the embryo is imbedded. Cocoi nueifera 
(the Coaou-naC Palm) has, as is well known, man; uses. The fruit itself ia a 
gigactio drnpaceouB frnit ; the mcaocarp La traversed by an immense namber ol 
fibio-vaaoular bundles, which are used to make ropes, etc. Inside the eiees- 
sivGly hard wall o[ the froit itself, the endocarp, lies a single large seed. When 
Ihe fruit ia mature, the endosperm forma a layer only a (ew raillimetrea in thick- 
ness, which lines the hard shell ; the rest of the space is tilled with Buid, known 
as cocoa-nnt milk. The embryo, which is small, is imbeddud in the firm tlssna 
of the endosperm, nndor the spot where there is a hole in the endocarp. Sagiu 
Bumphii, belonging to the Moluccas, yields Sago, which ia in fact the starchy 
parenchyma of the stem. Elaii guineensii is the Oil-Palm of West Africa ; 
the mesocaip of the plum-like fruit yields the oil. The stems of various species 
of Calamus constitute the so-called Spanish cane. The targe and very hard 
endosperm, with macb. thickened coU-membranea, oSPhyicltphai macrccnTpa, is 
naed in turnery, and is knoim as vegetable ivory. Chamnropi hamilii, the Fan- 
Palm, is found in Sootbern Europe and Northern Africa. Lii'iitona auitralii IB 
frequently cultivated for the sake of its graceful, (au-Uke, polmatiSd leaves. 

sehies II. gldmifloej:. 

Flowers hermaphrodite or nnisesual, tianaliy in heada or spikelets 
iuvesteil bj imbricate bracts or glames ; ovary nni- or multilocular, 
with one ovnle in the IocdIhb: seeds v 



Cokorb 1. Glumales. Ovary tmOocnlar: ovule erect. 

Order 1. Gramlse*. Tme GrasBea. The leaves are alternate 
oa the stem, which ia known as the hanlm ; the embryo lies on the 
side of the ondos perm (Fig. 1C5). The usually hermaphrodite flowera 
are referable to the formula £0,02,^3 -H C.G*-!!; they are enclosed 
by bracts here ft • • • . 

termed palete. 
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type of GramiHm. C Kardna. 

tcTiaed lodiculet ; the unilocular ovary contains only one ovule; the 
grain is the Fruit, a carjopsis, to "whioh the two palem sometimes 
adhere, e.g.. Barley and Oats. 

A flower of this composition is sessile in the axil of a bract, which 
is termed the inferior or outer palea (Fig, 171bi, b^...), and there is 
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also a bracteole beneath the periantli which is termed the mperior 
or inner palea. The two paleis completely enclose the flower. 
ITaaftUy two or more flowers which are thus enclosed by the palete 
are present on an ozia (Fig. 171 x), and constitnte the Bpikelet of 
the Graea, and beneath the lowest flower there are nanally two 
more bracts which bear small sterile flowers in their asila and which 
are known as the ffhimet (Fig. 171 g). Thus a spikelet consists tit 
an axis bearing' two rows of bracts of which fho two first and lowest 
are barren, while the succeeding ones bear each a flower in its axil, 
and beneath each flower there is also a bracteole or palea belonging 
to the floral axis itself. The inferior palea3 often have, either at 
the apes or else borne on the midrib, a epinons process called the 
arUlaoraum (Fig, 171 gr). 

The nnmber of flowers in each 
spikelet varies according to the 
genns; often there is bnt one, the 
' lowest, with mdiments of others 
above it; if, however, only one of 
tho upper flowers is developed, so 
that tho lower palece bear no flowers 
in their asils, they are regarded as 
glumes, several being therefore pre- 
sent in such a case. The spikeleta 
themselves are in many genera, e.g.. 
Rye and Wheat (Fig. 172 B), ar- 




MOWd (owg.) t I 
benrtog (jr) U 



L 



■plkelot or Wb«M dia- 
r ruU of Ibo ipikelci: 

t, ibi infariDf paiea the infloresconce may then be de- 
>o «wo. B, B, [ho gj^nated a anike ; in most of the 
uJa o( ibD lapirioi paisn, pii a &n- Other genera the main axis of the 
[hen-. / ovwioB. inflorescence bears lateral branches 

which are slender, of varions length, and often branched ngaio, and 
which bear the terminal spikelets; in this way a panicle is forme<l, 
as in the Oat (Fig. 172 A). This may be either loose and spread- 
ing, with long lateral branches (Fig. 172 A), or compressed, with 
very short branches, e.g., Alopecwms. 

The stem i« usually tall and the long intemodes are hollow; tho 
sheath of the leaf is largely developed and frequently extends over 
several intemodcs. A menbranons lignla is often found at the 
junction of sheath and lamina (Fig. 8 A). 

The Grasses are classified as follows : 



GROUP IV.- 

Sub-ordar 1. Clibantok-b. Bpikelcts olooed io flower: Btyles t 
long, protmdmg bejoad the apex of the inferior paleB. 

Tribe 1. Panicea. Spikolots dorsall; compresaed, 1-floverod: gluinea S, □! 
which the lon-est is the amallest. 

Panicum glabnim {DigitaTta humifvia), P. (Echinoehiaa) Cru$-saUi, ftod P. 
[Setaria] viridii ooonr occaeioaally on cultiTBted laod. 

Tribe 3. Phalaridia. Spikeleta klerallr nompiessed, l-flowered : glomes 4, 
the inaer pair being smaller. Phalarii aritndinaeta, the Beed-grasa, is commDQ 
on the banks of stroams, eto. : a Tariet; with whitu-sticoked leaves is cultivated 
ingardena. Anthoxanlhumodoratum.YeToal Grass, which has only tt 



and a paniculate infloresceDce, 
odoQl to fresh hay. 

Tribe 3. Andropogonat. Flowers 
montccious or polygamoos : glnffles 
8,of whioh the loweet is the largest. 
Zta Mail, the Maize Plant, is cnl- 
tivatod in warm caiiatrleB : its 
flowera ara mooaecioua : the male 
flowers form a loose paolGlc at the 
apex of the haulm, and the female 
flowers are borne laterally oa a 
thick spadji, which is eosheathed 
by leaTes. Saceharum o^ninaruni, 
the Sugar-cane, is a native of the 
East Indies. 

Tribe 4. Chlorid/x. Splkelets 
laterally compressed, uetially 1- 
Cowered, in oompooEd spikes : 
glomes 2. Cyaodoa Dae ty Ion. 
the Dog's- tooth-grass, is often 
abundant on waite groand. Spar- 



a meadows: it gives the pecntisr 



a salt n 







Tribe S. Phteiiua. Spikolela 
laterally entDpreased. I-flowered, in f,o. m.^A Funide of Oat, Amiiii laliia: 
dense panicles: glumes 3. ■ nuin taii; i' lateral aiesi n aplkelst (t ul. 

Alopscorua, the Foi-tail-graas, "l*')- B Bpilieof Wheal: .am: o IhorieureMion* 
has the glnmea coherent at (he *" T^J** ''""''*°'*** '"' '"" Ti'™'*™''"™'™ 
base, and one rudimentary palca. 
Fhleum, the Cat'e-tail-grasa, has free glumes and two distinct pale». 

Tribe 6. Sftleriea. Bpikelets laterally compreeaed, 2-Qowered or more, in 
dense panicles : glumes 3. SeiUria caruUa.ih^ Moor-graaa, occurs on moun- 

Tribe 7- Nardrir. Spikelets t-flowered, in simple spikes : glumes 0. 

Nardtti tlricta, the oommon Mat-grass, occurs on moors and heaths. 

Bab-order 2. Edbtirthes. Spikeleta open in flower: styles short, stigmas 
protruding near the base of the inferior pulea. 

Tribe 1. Oryiea. Spikes laleraily Pompreaaed, usually l-flowereJ: glomes 4, 
often represented ooly by bnitka. Orj/ta latina is the Oioe-plant — from tUo 
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Ekst Indlea; ea1tirat«dm mkrslir TEgioas of Boathem Europe. Leenia ory- 
loidet, tlie Cnt-gruB, ie foaad in ditchea in tbe sonth oE Ecelaiid. 

Tribe 3. Slipea. Spikeleta 1-flowered, cjlindrical or flattened poateriorly: 
in panicles; glomes S, Stipa pfnnala. Cho Feather -grasB, has a long aii; awn. 
Milium fjfuaum, without an avn. ie oommon in voodB. 

Tribe 3. Agraitidea. Spikeleta 1-Qowcced, compresaed latcrall;, in loose 
panicles: glnmea 3. 

In Agroatia, the Bent-grasa, tlie ft«s of tbe spikelet ia gUbroas, oi it liean 
ahoTt iuiiB; A. vulgarit and itolonifera are oomniDn in meadows and woods; 
Jpera Spica venti is common in fields : in Calamngroiiliii. the Small reed, 
Mversl speeiea ot which occur on the banks ot riTera and woods, the axis of the 
spikelet ia covered with long hairs. 

Tribal. Aviaea. The spikelels consist ot several (usually two) flowers; the 
glmnea (or one oi them at least) are as long as the whole apilielet. 

Avena. the Oat, has loose panicles, and a two-toothed interior palea : of this 
genua there are many species; A. fatua, prateniii and pubtMeeju, are eomnoti 
in eomfiolds and meodowa. Tbe fotlawiag speoies are oultirated: A. nttiva, 
withita panicles in various planes; A. oTienta!i$, with its panicles in one plane; 
A. itrigoia, with a hairy floral axis; and A. nuda, the spikelets ot which asoallj 
consist of three flowers, .f irn eaipiima and Jt/xaota have tmneate interior 
polesi, and are common in meadowa and woods. Holcus. the Honey-giass, has 
spikelets consiatmg of two flowers, the npper ot wliicb is oaaally male, and the 
leat-sheatha are covered with silky bnirs ; it is common in damp meBdows. 

Tribe G. Ftitucea. The apikeleta are usually many-flowered, and the gliunei 
shorter than the lowest inferior palea. Melica, tbe Molic-groas. has ■ 
apikeleta oonBisting of a single flower only ; the glwnea are long ; it is oi 
in woods. Briza, the Quaking-graas, liaa spikelets which are compresaed latenll; 
and are cordate at the base ; it is conamon in meadows. Kotltria erittala has 
dense panicles ; it is common in dry meadows. Dactgtii glomerala, the Cook's- 
foot-graas, has dense panicles divided into parts which have longer stalks ; it is 
common in meadows. Poa pratenii*, trivialU, etc., are common in meadows; 
their spikelets are oompreased laterally; the glumes have a sharp keel; P, 
annua is oommon by the roadside. Ftttuea tlatior, and others, the Fesone 
Qnsaes, are common in meadows, Dromus, of which there are several specie*. 
is common in fields (fl- Mecalinui), la meadows {n. moUii and others), by the 
roadside {D. iterilii, («c(orum). ilotinia citrulea has a very long haulm, oon- 
sjsting for the most part of a single iaternode ; its spikelets ore in loose porplish 
panicles ; it oocars on moors. In Phragmites tbe axis ot the sptkclet is ooroctd 
with long silky haira ; Fhrafmitei communii. the Beed, occurs abnndantly in 

The upper flowers in the spikelets ot plants belonging to this tribe are often 
nniseiual, male ; Fhragmites is pecnliar in that the lower Sower of the spikelet 

Tribe 6. Hardtea. Spikelets solitary, or 3 or S together. l-ormany-flowBMd, 
situated in depressions oo the moia floral axis, tunning the so-coiled afiik«: 
lomea 1-3. In LoUum. the Rye-grass {L. perenm is common everywhere), ths 
pottMioT ■nifaoe (that is, tbe middle line ot tbe posterior glume) is diractad 
towirdf the main axis, and this glume is nsually rudimentary. In all the other 
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(rraera the side of tbe eplkelet is directad towards the main axis, and tliere are 
tno glumei. SecaU tereale, the Itye, Las 2-fiowereJ spikelets and narrow awl- 
sbaped glnmes. Tiitienm. tbe Wheat, has 3- or more flowered spikeleta, with 
ovate glmneB: T. re^iu, the Twitch, is common everywherei its spreading 
rhizome makes it a troahlesome weed. The following species ore cultivated; 
T. vutgart, the eommoD Wheal, with long glomes, which have no keel, and T. 
lurgidum, EogHsh Wheat, with short keeled glomes ; both these forms have a 
wir; floral axis, and the fruit easil; falta out of the glomes: T. Spelta, the 
Spctt, which has an almost qnadrangolor spike, and T. dicoccam, with a com- 
pact spike, have a brittle flora! aiis, an-d the (mit is firmly enclosed by tho 
glomes. In all tie gpeciea the length of the awn varica very much. Braohy- 
podium baa shortly-stalked Bpikcleta. and its two glames difFer moch in length : 
it is thnB distingoished from Triticum. Hordeom, the Bailey, has 3 single- 
flowered epikelets inserted together in one depression on the floral axis. B. 
murinum is common on the roadside and on walls. The following species ate 
cultivated: II. culgart and if. heiaitlchum, with only fertile spikelets; in the 
latter species the spikeleta ate all equally distant, and are therefore arranged in 
six rows ; in the former epecies the mediiLn spikelets are nearer together, and 
Che lateral ones more distant, so that they are described as being in four rows ; 
farther, II. diitiehum is the two-rowed Barley, the lateral spikelets of which 



re arranged ic 



The (ruit usnally adheres 



aro arranged i 
■ more bristlea < 



three rows 
' Bcales ; the 



are mole, so Chat tbe traits ai 
to the palea 

Order 2. Ctpeb^ce*. The leai-et 
on the Bti3ra ; perianth 0, or of 3-6 i 
embryo ia eaclosed in the endoBperm. 

Tribe 1- Cyperea. Spikelets compressed: flowers hermaphrodite; perianth 0, 
or of bristles : glumes distiohouB. 

CyperuB, the Galingale, has many-flowered spikelets with deciduous glumes : 
Scbcenus, the Bog-mab. has few.flowsred (1-4) spikeleta with persistent glumes. 
C. longui and ftacia, and S. nigrieant, occur in England. Cyperiu Papynu is 
an Egyptian species from which the Papyrus of the ancients was made. 

Tribe 2. Scirpta. Spikelets cylindrical j flowers hermaphrodite ; perianth 0, 
or cl bristles : glumes imbricate on 
all sides. 

The spikelets are often arranged so 
ns to form spikes, panicles, nmbcls, 
or capitula ; tbo flower has the for- 
mula A'3, C3, ,13 -t- or 8, OB. 

ScirpuB, the Club-rush, has a bristly 
perianth ; in some Bpecies the spike- 
lets are solitary, as in Scirpui cxipi- 

laiui, in others there ore lateral pm. 173, Flower of Be 

spikelets in addition on short stalks, p the bristlr perisnth: 1 1 
as in S. lociMfrf) (tbe trae Bulrnsh). or /ibeovarj. B lui Bonil diagram, 
on long stalks, as In S. tylvalievi. EHaphoTuta polyitachion and others 
(Cotton-grass) are common on moors; tha hairs of the perianlh, after flower- 
ing, grow to a oonsidcrabLt leii£t!i. 
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Tribe 3. Carictec. Spikelets cjlindrlcal ; flawan nmseinol; periaotll 0. 
Tbe Oanoos biLTB diclmous flawers with this peculiuiCj, that the male and 
tomalo Howera di£fer in thoir atcuoture. The male flowera have the formula A'O, 
CD, A3 + 0, OO ; the)' are situated '\a the axiia of bracts (glumea) (Fig. 171 B and 
D) aod form simple epikes. The female flowcre have tlie formula KO, CO, 
AO + 0, OB or B and ore not eeasile in the aiila of the bracte (glumes) {b ia 
FiS- 171 A and C), but a short hr&ncb springs from the axil of each of these 
leaves bearing a gingla bracteole (j in Fig. 171) and it ia in the aiil of this 
bracteole that the female flower, which conaista of a trimeroas or more rarely 
dimerous ovary, is situated. The bracteole (> in Fig. 174 A and C) increases 
greatly and invests the fruit, forming the Bo-callod utrieuIiM: this struoturo is 
often regarded as a perianth, and is termed the ptrigynium. In Elyna and 
Eobreaia the biacteole is not tnbukr, and therefore does not compktcl; ioTest 
the ovary. 

The Qenus Carei, the Sedge, contains nnmerons apocies vbicb grow mostly 
in duDp localities ; they have stiB l&aves with sharp or saw-like edges, but only 
A few of them are diisdons: in most the 
raale aad female infloTeaeeiieDs occur on 
the same axis. In one Isj-ge seotion of 
them the two soies occiu on the same spika 
-which is either male at the bass and 
female at the top, or vice veriA. When 
this is the case the aiia bears either only 
one terminal spike, as in Cartx pulicarU 
_ _ and C. pauciflora, or several spikes forming 

f^ftW-C t\ ■ I^ ' capitalnm at the apei, as in C. pirudo- 

,^^^1 .^^ I eypemi, or a spike or a panicle, m in C. 

./^^f t'^TlT^ TOuHcato aud paniailata. In the second 

^ l TID section, on the other hand, each spike ia 
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with (I) li«ol 



__ nniaeiual, and then the male spike la 

h.bta^lV^/oVaryi'n'sti^i ^""o" al"«J» termino! on the aiis and 

B iUle Soner: it tbo three stsmoiui the female lateral, as in Cartx acuta, 

a snthere. C Dlat^mm of tbB remale alauea, vraeax, dinilala, Aa"", and oalu- 

•nd (U) ot the msle Ho.eri r axi. of jdm. 

lb* (pike J d bract; ( bnclcols. 



Cohort 2. Restiales. Ovary often multilocnlar ; OTule ortho- 
tropooB and snepended ; hence in the seed the radicle of the embrfo 
ia directed away from the hilnm (enmiHoblastic). Flowers anisextial, 
rarely hermaphrodite, with bracts : floral formnla K3, C3, A3 + 3, 
0(3), but occasionally some of the members are wanting. 

Order 1. EKiocici.ONEj;. Flowers nniaeiual, in oapitnla, oftfln 
moncBfiona in the same capitnlum, or rarely diatcioua: stamens 
generally in two whorls, antliera generally bilocnlar: seed ribbed. 

re, the Pipewort. oconn in the Hebrides and on the 
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Order 2. Restuces. Flowers usually nnisexnol, diceciona, and 
in spikes : not more than one whorl of stamens ia present, anthers 
generally nnilocular : seed Bmooth or tubercled, 

Theae are grasa-Uke plantB all living in tbe southern hemispheie. This order 
inclniies the gcoap Ceotrolepideie (DeETnaiiocece Lindl.) ; in thesB the perianth 
is maoli reduced, the male f ower probably boa only one stamen, and the female 
onlf one carpel. 



1" wanting, 
B usually 



SUB.CLASS II. PETALOIDE-^. 

Flowers hermaphrodite, rarely nniseiual ; perianth n^ 
nsnally biseriate, the members of at least one st 
petaloid. 

SERIES L BTPOGYNfi. 

Ovary superior. 
Siih- series. Apocarpte, 
Gynojcinm nsnally apocarpous. 
Cohort 1. AlismaleS. Marsh or water plants; flowers some- 
times unisexual ; seeds without endosperm. 

Order 1. Jc^'caoisej:. Floweis sometimes dicocious ; both peri- 
anth-whorls are sepaloid and inconspicuous; anthers estrorse; 
carpels sometimes coherent ; the outer whorl of carpela is occasioa- 
ally abortive; ovules 1-2, anatropons, embryo straight. 

Trigloehin patuttre, Uie Arrow-giBBe, ia common in marBhcs and on tlie 
margin of pools : carpels coherent till matare. The flawers are disposed npiiaJIy 
in a long looae spike without bracts. Sekevchieria paluitrii ie rarer ; it ocean 
in bogs ; the Sowers are act la the aiila of distichous braeta : carpels free. 
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Trlslocl 

Order 2. Alismacej:. Flowers sometimes moncecions; floral 
formula EJ, 6'3, ,43* + or 3, or od, G3 + 3 or x - the outer perianth- 
whorl, which is sepaloid, is often coherent at the base ; the inner 
whorl is petaloid, white or violet; anthers extrorse or introrse ; 
carpels sometimes partially coherent ; ovules 1-3, campy lotropons, 
embryo curved. 
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AUtma Plantago fWater Plantaio, Fig. 176 B).haa the floral formula K3. CS, 
A3' ; tbe DnmerauB. moiioiiicrDus, ODe-seeded ovaries are crowded on the broad 
Tece[)tac1e. The main bub oI llui infloreaocQce bears whorls ol branches wbicti 
have a heliooid nuuidcation. It ia retUcr common in damp spots. 

Sagittaria lagitiafotia (the Arrowhead), with the floral formula A'3, C3, ^ 
^ 05, ! (3 *, ia moiiiEoioua. The flowera are disposed in trimerooa whorls, the 
male in the upper and the female in the lonci whoils. The anthers are eitrorse. 
The ovaries, which are vciy numerous and one-soeded, are inserted on a fleshy 
receptacle. Only the sagittate leaves and the inBoreacence appear above the 

Order 3. Butomaces. Flowers never nnisexnol ; general floml 
formiila the same aa in Alismaceie ; the inner whorl of the perianth 
ia petiiloiil ; anthers in- 
trorse ; carpels distinct ; 
ovules nnmeroos, with 
anperficiEil placentation ; 
emhryo curved. 

Bulomui umMIalai IS the 
Flotrering Bnsh (Figs. 176 J, 
177). The flowers, which 
have violet petals, have the 
loUowing lomiiila : K3, C3. 
A3' + a, G^; tliey are ar- 
ranged in an umbellate h?li- 
coid cyme at tbe apex of ttu> 
scape, which ia about S feet 
high ; this and the liaves. 
'' which are of abonC the aamu 
I length, spring from an nnder- 
1 ground rhizome. The ovnlea. 
ofciirp«ii. (After sicba.) which are numeroos, ara 

borne on tbe inner surfoes of the carpels (Fig. 118 C). 
In the genus Limnacharis the Blamens and carpels are in Jc Quite. 




D Gyomiium (n 



whoil redupliqBH! • /' 



Suh-»erie£. Syncarpie. 
Gynoeciam syncarpons. 
Commelynales. The inner whorl of the perianth ia 



I Cohort I. 

I petaloid; seeds with endoa 

I Order 1. XvRiDEi. Herhaccoiui sedge-like plants ; floral for- 

I mnln £3, C3, A'S+0, G—; anthers extrorse; ovary osnally nni- 

I locnlar, with parietal placentation. 

I ThcM planU inhabit iwampa in tropical or aab-tropi«tl reeiona. 

I Order 2. CouKELrttACEX. Herbacoons plants; general floral 
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formula K3, C3, A3 + 3, Q-^, but tto number of etamena variea in 
the genera ; anthers usually introree ; ovary nsnally trilocnlar. 

These &re mostly tropical pluits. Speciei of CounnelTna aad Iradeseutia 
ate cultivated as oiuamcntal plaate. 

Cohort 2. Lilrales. The calyx and corolla resemble each other 
in texture, and arc nsnally petaloid ; seeds tvith endosperm ; general 
floral formula E3, C3, A3 + 3, Qi^. 

Order 1, LiLiACEiE. The flowers conform generally to the above 
formula, but 3 is replaced sometimes by 2 or 4 : they are not 
zygomorphic ; Erait a capsule or a berry. 

Sub-order 1. liiLOX, with a locolicidaJ oBpsolc, intione anthers, mid united 
itylcs. 

In a number of geneia the six s«gmeDt« of the 
peri&nth cohere and form a tube vbich eoda in six 
more or lesi deeply cut efgwente (Fig. 178) ; t.g., 
Hyaeinthxu orientali; the Rtem of which is an nndur- 



T' 



ground bulb (Fig. 14£), Aloii has thiot Beahy leaveai 
Bome speoios, as AM toccotrina, have a strong voody 
Btem. and are ahmba, oi almost trees. 

There are also some among the very numerous 
genera in which the leaves of the perianth are distinct _"°,' .'■.'"'"'^'""Jh "tbroo 
or cohere only for a very ihort distance from the base, ouier. i i i the IbrM innnr 
which are of an aborescent habit; tor instance, the Kgmcnls of tbo perianili. 
species of Yucca, which are indigenoua to Central wUcb l« tnholar at tba 
America. The others have underground rhizomes or '"*«'?""■('"''■ •I")- 
bulbs. These bulbs (see 9 ^ and Fig, 14 B) arc, in fact, very shortatems, ooTered 
with closely-packed calaphyllary leaves which are nsually termed soalcs: so 
long as they are young, and not very vigoTous, they send up only foliage leaves, 
which appear, year by year, above the ground ; but in the course of years the 
axis itself of the bulb elongates and bears a terminal inflorcgcenca After the 
flowering is over, this axis dies down, and a lateral shoot is formed in the axil 
of one of tho scales which may either become a new bulb, or it may at onue 
dovelope into a flowering axis, the lowest cataphyllary leaves ol which are bulb- 
scales. Fhormiun unax (the New Zealand Flax) haa ensiform leaves, about 
three feet in length, springing from the rhizome; their strong bast.&bres are 
used lor various purposes. Lili«m eandiilum is the white Lily. L. bulhiferum, 
which produces bnlbils in the aiils of the upper leaves, and L. Marlagon, tl:e 
Tork'R cap Lily, have bolba. FritiUaria imptTialii is the Crown Imperii, the 
flowers of ntiit^h are surmounted by a crown o( leaves. Tulipa Qantriana is 
the Tulip. Scilla maritima has a bulb which is not subterranean. Of AlKum, 
several species are in cultivation for culinary purposes, as A. Ctpa, the Onion ; 
it. aiealonicumi the Shalot 1 A. Schoenopratum, CbWea; ^.pnrruiN, 
Leek ; A. lutiirum, GarUc. The leaves of the various species of Alliamaregc 
rally tubular and hollow; the Sowers are -disposed in spherical heads or ombi 
bulbils ore occasionally produced among the flowers. 
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8nb-0Tder2. Miumtbihs or GoLrcicix, witL awptioidal capsule, nsQBJly 
citrorse antben. anil separate atjlea. 

Tofitldia paliatrit baa entiiona radical leaveE; tbo flowerg. whioh are pale 
Sreen. are disposed in a raceme on a scape ; it ocootb in the north of Elngland, 




no. 17V.— The imdaTgrDnnd part of & flsneijng pluit ot CoUhunm galumxiil 
trout! t Ibttetmi C •" caUphTHiry l»Tea stDbnuloti iho Bower-iialk i vhti 
which praoMd tb* laou, t. B LonufwdinAl •ecilon : h k a brtmn mnobnuio which «b- 
valcpt aU the nndnyround parti of the olabt : tt the BowBr and leafstalk ot the previoqa 
jor which haa dMd dtrwD. iu gfroUan baul partlaa (t) anlr remaining sa a resarrDir ot food. 
matBTJala tor llw new plant now in Bowar. The nair plant ii a lateral ihool (ram the baae 
Oftheoonn{k),eaiiU>Uni(Otlh*atU, fromUiBbaM oF which proceed the tooU (k). and llw 
Blddle part of which (f) awslli an In the neil rear ialo a cono. lbs old corm (k) diuppear- 
loc i the asli bear* the (heath-loairee {i •' •") ind the foliag«-1eDvei n' I'l : U» Bon-en (b f) 
an placed in the atlli ot Uie uppennonroUago-leaiei. the axle Itaall lerminatiug amoagn 
the llDwen. (AKer Saehi.) 

in wet pUoM on monntaina, bat it ia rare. Veratrum album and nf<frum haTS 
brokd OTBte Isam. Cotehicum aucumnitle ie tbe ADtmnn Crocaa: vhen it ia 
flowarinft ^ ^ aatomn, ths stem ia aiider(^und ; it Je at tbi« time abort and 
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Blender (Fig, 179 k'), attaclied latar&ll}' ta tbe«ana of tbepreriooB year's growth 
{k), and beara a few imperfectly developed leaves (!' (") as well ae oaa or two 
flowers (f t") : tbe ovaries of the fiowera are also subtermneali ; the six leoves 
of the perianth cohere and ,form u tube of some centimetree in length, which 
grows far beyond the ovaries aod above the sarface of the soil, terminating in a, 
petaloid sii-partite limb ; the stamenB are attached in tbe npper poctioii of the 
tabe. In the spring the andergroand stem swells at its base {k'] into a eorm, 
and grows opwords, so that thi; devoL.|iiag leaves (1' '") and the capsole rise 
above gronnd ; a lateral shoot is foimed at its base, which, in the antamn, 
produces flowers, and thia repeats the process. 

Sub-order 3. AnPiBAaiMEA. Tbe bait is a berry ; antliers introree ; stylei 
united ai distinct ; in the flower the parts are sometimes in twos or fours, 
instead of in threes. 

Dracana Draco, the Dragon-tree, has a stem which grows in thiclinasB; it is 
a native of Che Canary Isles. Aiparagiti D^inalU is the Asparagus ; the young 
shoots, which spring Trom the nndor- 
graund rhizome, are eaten. Convailariit 
tnajalU is the Lily of tbe Valley. JUat- 
anthemum bifolium has a dimerous flower. 
The species of Smilax are creeping shrubs, 
the leaves of which have reticulated vena- 
tion. RaicM aeulealM {the Butcher's 
Broom), and other species, are small 
shrubs, with leaf-life branches (pbyllo- 
clades), on whiah the diclinous flowers 
are borne in the aiils of minute leaves. 
ParU qaadri/olia (Herb Paris) is poisoa- 
ouh; the flowers Ore telmmerous, or 
eiceptionally trimerous or penlameroiis : y, 
they are terminal, and the stem beneath PorV 
bears four (or three or fiva) leaves in a *•■* ' 
whorl beneath the flower (Fig. 180) 
venation of the leaves is reticulate. 







(Alter Sacb*.) 



Order 2. Juncacej. Floral formaln. K3. C3, AS + 3, Oai. 
Plants of a grass- like aspect ; they differ from the preceding order 
in the dry and gitimaceoiis character of the perianth. The loaves 
are linear or tubalar ; the inflorescence is an anthela (see p. 214). 

The species ol Luznla. which has a nnitocular three.seeiled ovary. muUiJloTa, 
piloia. tampe$trit. and lylvalica, are common in woods and on heaths. Juncuj 
has a trilocitlar many-seeded ovary ; plants of this gonns are called BoabeB ; 
J. fflavcui and tfatui Lave a tubular stem and leaves, and a terminal in- 
Qoresoence which is displaced laterally by a tubuhir bract which appears to be 
a prolongation of the stem ; they are oommon in wet fields ; J, bufaniut, by 
waysidai. 

Order 3. PoKTEDEtilACES. Wator-planta of tropical America, 




■witk a zygomorphic petaloiJ pcriauth: in other reapeote they 
resemble the Lilioceie, 

SERIES H. EPIGTNi:. 
Ovary iaferior, 
Cohort 1. Hydrales. Order 1. HYDROcnAEiDiCEi. The flowers 
have a perianth, the inner whorl being petiilaid, and osnally conform 
to the monocotyledonone tj'pe, bat with multiplication in the andrce- 
cinm and gyncecinm ; formula E3, 03, ^3 + 3 +, G o i- ...)■ The 
flowers are usually dioicioas the female flowers have staminodia ; 
the male flowers have no gynoec^ium but an increased number of 
whorls in the aDdrtscimn. The seed haa no endosperm. Water- 
plants. 

Tribo 1. BydriUra. Oiaij unilocular. Stem elongated, with whorla of 
small leavea. 

Etodra {Anacharii) canadfaiii oanie originall; from North America, and ba« 
eplead in our waters so an even to impeilu Daiigatiou in canals. 

Tribe 2. Valtitnerietr. Ovary uiiUoonlac. Stum short, with crowded 
lsaT»s. 

ViiUiinerlit ipiralii iuliabita tbe lakes aud ditches of tba narmpr ptati of 
Earnpe. The leaves arc lung, uarruw , and linear. The female flowers are raised 
above water on long pt>duiiclca ; the male inflorescences break away from their 
peduncles and float about on the watet to (enilise the female flonura ; the tniit 
ripens uudei water. 

Tribe S. Stratiotidra. Orary 6- [or more) chambtred. Stem short, with 
crowded leaves. 

Stratiulrt aloidei (Water Soldier) has stiff narrow leaves. HydrockarU 
Moriut Itana (Frog's bit) is diceciona ; the plant is small and floats on the 
vfater, with bqioII roundly-oorJate leaves. 

Cohort 2. Dioscorales. Flowers regular; floral formula K3, 
03, AS + 3, Ojr, : fruit a berry or a capsule. 

Order 1. Diobcoee*. The ovary ia trilocular, with one or two 
ovules in each loculus : the flowers are dicecioua. They are 
I climbing plants, with largo above- or nuderground tubers, and 

I uaoally triangular leaves, with reticulate venation. 

L Thi 

I Lm' 
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latfua, Batalat and others, knowu as Yams, are largely cultirattHl 
the tropiea as a food rich in statob. Tamiu camnunii, the Black Bryonj', is 
England. 



Order 2. Taccacex. The ovary is nnilocular and many-seeded. 
The flowers are hermaphrodite. Tliey are tropical herbs, and the 
LsAves which spring from the subterranean rhizome havo reticulated 
renation. 



— POiNEROQAUa. 

Oriler 3. B(iOMEi.ucEi. Jv3, C3. A3 +3,0 (3). The ovaiy is 
snperiop, inferior, or Be mi- inferior, trilDculftr, with many seeds 
The segments of the calyx are sepaloid, those of the corolla petaloid. 
The learea are nenally long and narrow, sharply serrate ; the stem 
is generally very short. The flowers are hermaphrodite, and form 
spikes or panicles with bracts. 

ATtanaiia laiiva (AnmiaB, Pine-applf), The [rait is a beri7, anil the berries 
of eaeh influreacdnce «uEtlesce into r aporiaas Iniit (eorotiiE), above which the 
uii of the inQoreeceBDe extends and bearB a ciovn of leaves. In a ptate of 
coltivBtion tlie berries contain no seeds. It ia a natiTe of America, anil is oulti- 
TBted in all worm countries and in hot-houses. 

Cohort 3, Amomales (Scitaminete) The flowers are aygo- 
morphic or asymmetrical : general formula, xj/ E3, C3, A3 + 3, G-m, 
occasionally with a great redaction in the andrcecium. Perianth 
wholly petaloid, or the calyx may be sepaloid ; ovary trilocnlar. 
Frnit, a capsnio or a berry. Usnally no endosperm, bnt abnndant 
perisperm. They are tall herbaceoas plants ; the leaves are large 
and have pinnate venation. 

Order 1. MtrsACEs.M'.ffa, (73, .d3 + 2,(3^. Perianth petaloid, 
irregular ; the anterior external member ia nanally very large, and 
the posterior always very small ; in Mnsa the five anterior niemher* 
of the perianth are connate, fonning a tube wliich is open pos- 
teriorly : the posterior stamen is sterile or absent, and the others are 
not always fertile. The sab-family of HeliL-oniete differs from this 
type in the stmcture of the flower. They are all shrubs of colossal 
growth, with enomioasly long leaves : the flowers are Tisaally ar- 
ranged in spicate inflorescences in the axils of largo and oft«n 
coloured bracts; sometimes several flowers spring from the axil of 
one bract. 
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Muta paradiiiaea (Plantain). St. Sapiem 
natives of the tropins of the Old World ; the two former are now distributed 
throughout America and sppUed to a great variet; of purposes ; the fruit, which 
is of the nature of a berry, la an article of food, and the flbrO'Vascnlar bundles 
are used for making textile fabrics. 
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PART 17. — THE CUSSIFICATIOK OF PLiSTS. 

Order 2. ZiKGiDEaiCEj:. ^J/ ffS, C3,AfZ + l\2, G^. Periantli 
zygOTOOrphic. The three outer staminodes are connflto, forming a, 
leaf-liko three-lobed body, the labelliim, the anterior median lobe 
being mnch the largest. Of the inner whorl of atamena the posterior 
alone bear§ a perfect anther, the other two being tranBfonned into 
small glandular bodies. The flower of Alpinia (Fig. 182 D) differs 
Bomewhat from this type in its atmctnre. There is a email amonnt 
of endosperm in the seed, in a depression in the perisperm. 



Order 3. MiRAimcEi ( 
2, G-jij. The andrceciom i 



Cannaces. \l/ £3, 03, J t 1 or 2 + It 
represented by a nnmber of petaloid 
bodies, of which one only, the pos- 
terior stamen of the inner whorl, 
bears a unilocular anther (Fig. 
183 st an) ; of the staniinodia one 
is larger than the others, and is 
reflexed, forming a JiileUum (Fig. 
183 /) ; the narrow ones vary in 
nnmber in the different species 
(Fig. 183 a and fi). 

Canna indica and other species are 

common); grovD as cirDameiit&! pl&cta. 

.Jmyfum Maranta, the Bt&rchf meal 

prEpoicd from the rhizome of Marania 

arundinaeea, IB true Or We£t ludjui 

Cohorts. Orchidales. Flowers 
pi the zygomorphic, reduced in the an- 
rt the drcecinm which is adherent to the 
a'^'a xht'iitVtiii^^i '^ gj-ncecinm : perianth petaloid. 
Wchier,) Formula, sj/ E3, 03, ,11 + 2. G^. 

Seeds very small, without endoapcrm or perisperm ; the embryo a 
minute undifferentiated mass of cells. 

Order 1- Orchides. The flowera of most of the genera have tho 
formula^ ff3, 03,-41 + t 2, Gm : those of Cypripedinm, however, 
have the formula ^ KZ, C3, A f I + 2, Q^ (Fig. 184 A, B). In 
consequence of torsion of the ovary the flower is generally bo placed 
that the posterior aide of the flower, instead of being uppermost, as 
U usually the case, comes to lie iuferiorly (ravpinate). The po«- 
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terior segment (petal) of the inner whorl, called the labellum (Pig. 
185, ace also Fig. 155 I), is always larger than the others, and varies 
greatly in form; it frequently hoa a apiir (Fig. 185 «y) or a soc- 
shaped cavity (Fig. 155). The filamenta of the three stamens 
adhere to the three Btyles ; they together forci the gyiioslemium 
(Fig. 155 S, Fig. 187 Band gs). The fertile stamen bears a 
bilocular anther which, by the absorption of the septum often ap- 
pears to be unilocular, and in raro cases ia quadrilocular ; the other 
two members of the aadrcecium are staminodia (Fig. 155 x) and 
sometimes are only represented as small tooth-lUte prominences 
(Fig. 184). In some genera the pollen-grains are separate from 
each other, in others they occur in groups of four (tetrads), and in 
the majority they are united into a mass which fills an entire 
pollen-sac (Fig. 185 p, 155 p). In the latter case pollination 
ia always ofEeoted by the agency of insects ; the two pollen-masses 




L 



peHitnth leaTH i i i lira of Uia la 
odla. third Inner perlsnUi leaf, the Itbgllnm, Kith 

(q>) tbeipur: mligmBi p polieu-sscB. 

(polUnia) become attached to the proboscis of the insect by means 
of a sticky part of the stigma, tha rogtellum (Fig. 155 A), and are 
conveyed to another flower on the stigma of which they are de- 
posited. In many foreign forms these arrangements for cross-fer 
tilisation are much more complicated. The ovary is unilocular; it 
contains numerons anatropona parietal ovules. 

The indigenous species have underground rhizomes or tubers. 
Two tubers are usually present : the older one, which, at the time 
of flowering, becomes flaccid (Fig. 18G A and B, 1), throws op the 
flowering scape (Fig. 186 s) or, in young plants, a short nnder- 
ground stem which produces only leaves above gronnd. At the 
upper end of this tuber another much firmer tuber is formed (Fig. 
186, 2), bearing at its apoi the bnd of the next year's stem (K). 
The tuber ia to be r^arded as a lateral bud which coalesces with 
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its firat root (or more than one. Fig. 186 B) and then increases in 
Bize, Tlie lower end of an undivided tuber, as well as the ends of 
palmat* tubers, has, in the young state ftt least, the same stmctnre 
Be the upex of a true root. 




Orchil Mono, uid mililaru hsvo round 




' oval tnbera (Fig. 1B6 A), 0. 
ineamata have palmate taben 
nmning ont into root« (Fig. 186 B): lliey 
ocour in d»mp maadowt, Oymnadenia 
cnopiea has long epiket of flowera M)d 
pnlmato tnbera; it oocnra in woodi and on 
hentljB. Ophryi muiciffra, apifrra, and 
arani/rra hnTS Qoweia resembling intMti; 
tlie; oeonr, bnt are not oommon. on obalk 
raatares, CephaUmthtra nifcrn, Epipaelii 
hiti/atia,a.rid ctlierB, have creeping rhizoines; 
tbcj hm found in wooda, CoraUorrkiia 
innala has a ooral-Iike, branohed. nnder- 
j^ro-nnd rhizome, vitb no loota. Bpipogiiim 
Gfiulini haa likewise no roots; both IheM 
forma are devoid of chlorophjU, and grow on 
hnmns in forests. Ntoftia Nidtu-avit nlso 
ii withoot clilorophjll. and lives on hnmna 
ID woods : it has a fleHh; rhiEome tliickl; 
be*et with rootn which grow in a tangled 
mass like a bird'i neat. Cypripedium CalU 

^^ (tnlui, the Lady'a Slipper, erows in monn- 

II tain-woods: it has a creeping rhixomc and 

broad ovate leaves; the perianth is at ft 

reddish-brown colonr. except the labeQnin, 

inflated sao. The whole struotnre of the flower 
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td nnlibs that aboTe dsBcribed u tjpioal for most of the gecera; the tva 
BtunonB, nhich la otbei genera are reduced to BtsminodiiL, are fertile (Fig. 167, 
a. a, and oomp. Fig. 184), and the anterior Blameo, which in most cases is the 
only fertile one, is here a large Btaminode (Fig. 187 t). 

A BtiU greater varietj of tormBiafounit amang the tropical genera and Bpeoies. 
nbich lor the moat part grow upon trees (epiphjtic) and throw oat large aerial 
roots. Vanilla planifotia and other species have a long pod-like fmit which is 
well known far its perfnme and flavour, as Tanilla. Vanda, Oacidinm, Phajus, 
and other genera are eitensiTel; cultivated in bothonBes tor their beautiful and 
often fragrant Bowers. 

Cohorts. Narcissales. Powers regular or zjgomorphic : not 
Iqbb tban three stamens in the andrcecinm : periantli petoloid : seeds 
with endoBperm. 

Order 1. Auartllidk*. KS, C3, A3 + 3, or 12 to 18, G(s,. The 
flower Is occaaionaiiy zygomorphii; and narrowly fonnel-shaped : 
anthers introrse. The fmit is nsnally a trilocnlar locnlicida] 
capanle, sometimes a berry, 

Alstrcemeria has a leaf; stem 
and the babit ol the Lilj. The 
other genera have a very short, 
sometimes bulbons stem, and a 
long floral axis. ^maryHri for- 
moia is an ornamental plant, 
with large tabular fnnnel-ibaped, 
nneqnall;r toothed flowers, Qa- 
tanihuf nivalii is the Snowdrop : 
Lrucojum vemuni, the Snow- 
flake. NaTcUrai pMtudo-Narcitiut I 
(the Daffodil), paetieiu, and 
other BpecieB are favoarite garden 
plants. The lignite ol the aii 
B^mentB of the perianth oobere 
to form the tabular corona. 
Agave ajoerieaita, common]; 
known as the false Aloe, is a 
native of Mexico, bnt has been 
naturalized in Southern Euro|n. 
The short stem bean a large 
rosette ol ver; thick and prickl; 
leaves ; when it has attained a 
suflScient Tigonr — in Southam 
Eorope, alter Irom ten to twenty „( j^j , 
years— it throws up an axis ol pednnfllo; /intartorc 
same yards in length, which i 

bronohes very much, and beara Innaflcavesoliheperiimllii ■ 
a large number of flowers, which " " "*" "'™ P"*^"'" "^°" 
are arranged somewhat in Ihe form of a pyramid. 




k 



240 PART 17. — THE CUSBIFICATION OF PLiNT3. 

Order 2. Iridej. K3. 03, A3 + 0, G^. The flower is Bome- 
timea zygomorphic : linthera extrorae ; the fmit is a trilocular 
locnlicidal capsule. 

Iiie, the Flag. Lilb a horixontal undeTxroasd rhizome, vhich throws up 
leavea which are expnndeil in tlieir median place, and Bcapei vhich beai the 
flowetH. The stigmas ttssunie a pelaloid aspect, and bj their concave onWr 
■nrfaces cotci dtgt the stamecB which ore opposite to and botow them (Fig. 
188). 

Irit pumita, germanica, and others are faTonhte garden planta. f. pieudacorui, 
the Tellov Flag, is common in ditches. Gladiolus has an imitergronnd bulboua 
gtem and a tall, manj-floTsred scape; the flonera are nsaally zygomorphic ; 
O. eommuBu (iilyricui) occurs wild in England. Crocus, from which saflron 
ia obtained, has an aDdcrground corm. from which grows a very short andei- 
ground stem ; this bears the leaves which rise above the ground, and terminates 
in a flower, the ovar; of which ia sabteiruieao : the tnbe of the perianth spreada 
ont above the groand into a sii-partite limb, at the baae □( which the three 
etomens are inserted. 

Class X.— DICOTYLEDONS. 

The embryo has ttco oppoeile cotyledont; the ettdo^erm is frequently 
absorbed before the teed is ripe. 

The ripe seed Homotimes oontitins a largo mass of endosperm and 
a fimall embryo, as in the Umbelliferffi and Euphorbiacete ; fre- 
qnently the embryo is relatively large and the endosperm oeoupies 
only a email apace, as in the Labiats ; or, finally, the endosperm 
may be wholly wanting, and then the embryo fills the whole cavity 
of tho testa, as in the Horse- chestnut, the Legnminoaa?, and the 
Compositce. 

Tbo embri/o nsnally baa distinct membera, consisting of an axia 
and two opposite cotyledons ; in rare cases, e.g., Corydalis, only 
one cotyledon is present, or abnormally three may occur, aa is 
occasionally the caae in the Oak and Almond. The cotyledons 
nsnally constitnte the greater portion of tho embryo, as in tho 
LegnminostB (Fig. 189 A c) and the Horse- chestnut, where they 
are thick and fleshy. The stem {caulide) bears at its apex abova 
the cotyledons either a bnd consisting of several leaves {plitmuW), 
M in Vicia (Fig- 1S9 ffw), or it ia naked. In parasites and aapro- 
phytes which are devoid of chlorophyll, and which have very small 
eeoda, each aa Pyrola and Orobanche, tho embryo ia qaite nndJCor- 
entiated, and it conaista of only a amall nam her of cells. 

On germination, after the tosia ia raptured, tho hypocotyledonaiy 
portion of the axis elongates so aa to posh the root out of the seed ; 
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tlie root immediately begina to ^ow rapidly and attains a consider- 
able length (Fig. Ib9 IS A), whilst the remainder of the embryo is 
still contained in the seed. The cotyledons may cither remtun 
enclosed in the seed during the whole process of germination, and 
perish so soon as the nntritions snbBtances contained in them have 
l)een absorbed by the plant (e.g., Horse-cheetnnt and Vieia, Fig. 
189), their petioles at the same time elongating bo tbat the plnmnle, 
ivhich at first is bent inwards, is pnshed ont and snbseqnently be- 
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comes erect ; or, as is more generally the caae, the cotyledons escape 
from the testa (Fig. 190), become ^een, and act as the first leaves 
of the young plant. 

The asia of the embryo frequently persists as the main axis of 
the plant, tvhicb grows in length and produces numerous less 
vigorons lateral shoots ; but it often happens tbat Bomo of these 
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lateral branches stibseqiieiitly grow as vigoranaly as the main axis : 
when this is the case, and when alfio the lower and feebler shoots 
die off, a head, such as is common in forest-trees, is the resalt ; in 
the case of shmbs, vigorons branches are formed qnite low down on 
the main stem. In many forest- trees the stem (trank) and branches 
form a sympodium, the nppermost lateral bud growing each year 
in the direction of the main a:3is, which does not itself develope 
any farther (§ 6) ; besides these there are many and very varions 
arrangements by means of which the life of the individual is trans- 
ferred to new lateral shtwts ; snch as the formation of rhizomes, 
rnnuors, tnbers, and sometimes of bulbs, on stems and roots. 
Whoa the axis of the embiyo continues to be the main axis of tJie 
plant, the primary root also developes greatly, and forms a tap-i-oot 
from which the lateral roots grow in acvopetal succeaBion ; in cases 
in which the growth in length of the tap-root is limited, numerons 
adventitious roots spring from ita older portions ; these may again 
give rise to lateral roots, and by a. repetition of this process an 
elaborate root-system is formed. 

The fibro- vascular bundles of the stem are almost always open, 
and the growth in thickness of tbo stem b effected by the activity 
of the cambinm-i-ing which is formed (§ 26). In certain cases, 
there are, in addition to tliese fibro-vaseular bundles which together 
form a ring, other isolated bundJes which traverse the stem longi- 
tudinally, as in Begonia and Aralia ; even more complicated modi- 
fications in the arrangement of the bundles occur in Piperacea), 
Sapiudacese, Menisperniaceie, Phytolacca, etc. 

The branching of the stem !s Invariably monopodia! (§ G) and 
almost always axillary. Those cases in which, as, for lustancc, in the 
racemes of the Crnciferte, the bracts are suppressed, are obviously 
not exceptions to this rale. 

The leaves exhibit infinite variety both in their relative position 
and in their form. The foliage- leaves almost always consist of 
petiole and blade ; sheaths which surround the stems are com- 
paratively rare, but stipules, on the contrary, ore very common. 
Branching or segmentation of the leaves is common and is frequently 
indicated by the iuclsion of the margin. The venation of the leaves 
is characterized by the presence of a lai^e number of veins which 
project on the under surface, except in thick fleshy leaves, and 
wliich frequently anastomose ; a midrib is almost always present, 
giving off lateral branches to right and left, 

The flowers, when they are lateral, are usually furnished with 
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two bmcteolea: thoy differ very considerably in their ati-nctnra 
and cannot lie referred to any one type. The following are the 
principal forms : 

1. In a considerable nnmber the perianth, which is simple, and 
the androecium are isomerotts, consisting of fonr, five, or six mem- 
bers ; their arrangement is either spiral (J), or wborled so that the 
stamens are always saperpoaed on the leaves of the perianth ; the 
latter are all similar and are sepaloid. Formula Pb \ A5, or Pn 
+ n, -in + n, where n = 2 or 3. This structure prevails in some 
of the Monochlamydeffi (Urticales, Amentales, Qnemales). 

2. In a second group, all the parts of the Bower are arranged in 
a continuous spiral : the perianth may consist only of a calyx, or a 
corolla maybe developed in place of the eitemal stamens; when 
this is the case it alternates with the ealys, provided that it Is 
isomcrouH with it, as in most Ranales. 

3. With these two types are connected by many intermediate 
forms those flowers in which the biseriate perianth and the stamens 
are in whorls ; their formula is Ka, Cn, Aa + n, where n usually = 
5 or 4. This is the most common type of the strnctnre of the 
flower; it occurs inmost Polyp«tala) and GamopetalKi; it may be 
modified either by the suppression of one (usually the inner) 
whorl of stamens, or by their multiplication, their branching, or 
their cohesion, or by the snppreasion of the corolla. 

i. Finally, there remain certain flowers which cannot bo directly 
referred to either of the above types, and they mnst therefore 
be loft unexplained for the present, and the relationships of their 
families mnst remain on certain. 

The sub-divisions in which the Dicotyledons are arranged in the 
following classification are especially characterized by peculiarities 
in the structure of the flower. It is impossible, however, to draw 
sharp distiuctiona between the sTtb- divisions, the orders, and some- 
times even between the families, for the position of a plant in the 
system depends not upon any ono character, but upon the aggregate 
of its characters. 
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SUB-CLASS I. MONOCHLAMYDE^. 


BEKIES I. 


htpogynj:. 


Cohort 1. Piperales. 


Cohort 5. Daphnales. 


Order 1. PiPEKACEi. 


Order 1. Thtkeliaces. 


Cohorts. Urticales. 


„ 2. Elsagnaces. 


Order 1. Urticei. 


„ 3. Proteacex. 


2. MoBEj;. 


„ 4. Laurinex. 


„ 3. Cannabinej:. 


„ 5. Mvbistice*. 


„ 4. Ulmaces. 


Cohort 6. Chenopodiales. 


5. Platanes. 


Order 1. Cheno podia ce«. 


„ 6. Cebatophyllej:. 


„ 2. Amaeantaces. 


Cohort 3. Amentales. 


„ 3. Phytolaccace*. 


Order 1. Betclacei. 


„ 4. NvCTAQIKEa. 


2. Mybicaces. 


5. POLYOONia. 


„ 3. Cabcaeinej;. 


Cohort 7. Nepenthales. 


„ 4. SALiersRi. 


Order 1. Nepekthe*. 


Cohort 4. Euphorbiales. 




Order 1. ErPHORDiACE*. 




„ 2. BuXINEi. 




SERIES U 


EPIGTNiE. 


Cohort 1. Quernafes. 


Cohort 3. Santalates. ' 


Order 1. JnoLANOEJt. 


Order 1. SAMTiLACB«. 


„ 2. COETLACE*. 


2. LOEAKTHACE*. 


3. Cupuliferj:. 


3. Balasophore*. I 


Cohort 2. Asarales. 


1 


Order 1. Aristolochim. 




„ 2. CtTINACEJi. 




SUB-CLASS U. 


GAMOPETAL^. 


BEBIEBI. 


HTPOGTN^. 


Cohort 1. Lamiales. 


Cohort 2. Personales. 


Order 1. Labiat*. 


Order 1. ScEOpmrLARiNRi. 


2. VERDENACEJt. 


„ 2. BlOSONUCE*. 


„ 3. GLOBULARlKi. 


3. AoAHTllACEi, 


„ 4. Plahtaqiska. 


„ 4. Gesneeace«. 




„ 5. Obobanckex. 


|k 


.. 6. Lentibclarie«. 

J 


^^^^^^^^^^^^^^^^1 
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Cohort 3. Polemoniales. 

Order 1. CoNVOLVULACEiE. 
2. Ctiscute^. 

3. POLEMONUCEiE. 

4. SOLANACRS. 

5. BORAGINE^ (AS- 

PERIFOLIiS). 

Cohorts. Gentianales. 
Order 1. Gentunej:. 

2. LOGANIACEiE. 

3. APOCYNEiE. 

4. Asclepiade^. 

5. OLEACEiE. 

6. Jasminrs. 



Cohort 5. Ebenales. 
Order 1. Sapotej:. 

„ 2. ESENACEiE. 
„ 3. SlTRACEiE. 

Cohort 6. Primulales. 
Order 1. PRiMULACEiE. 
„ 2. Mtrsineje. 

„ 3. PLUMBAGIXEiS. 

Cohort 7. Ericales. 
Order 1. Ericacej:. 
2. Epacride^. 

3. RHODORACEiE. 

4. Pyrolace^. 

5. monotropeje. 

6. Vacciniej:. 
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SEBIES n. EPIGYN^. 

Cohort 1. Campanales. Cohort 3. Rubiales. 



Order 1. RuBiACEiE. 
M 2. Caprifoluceje. 



Order 1. Campanulacej:. 

„ 2. LOBELUCE^. 

Cohort 2. Asterales. 

Order 1. Valeriane^. 

2. DiPSACEiE. 

3. COMPOSITiS. 

SUB-CLASS III. POLYPETALiB. 

SEBIES I. CALYCIFLOR£. 



>» 



» 



Cohort 1. Umbellales. 

Order 1. Umbelliferje. 
„ 2. Aralucej:. 

„ 3. CORXACE^. 

Cohort 2. Ficoidales. 
Order 1. Cactej:. 
„ 2. Aizoacej: (Fico- 

IDE^). 

Cohort 3. Passiflorales. 

Order 1. Passifloracej:. 

2. Papayaceje. 

3. Beqomiacej:. 

4. CuCURBITACEiS. 



9» 
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Cohort 4. Myrtales. 
Order 1. Onagraceje. 

2. lythrarie2e. 

3. Myrtacej:. 

„ 4. Rhizophoraceje. 
Cohort 5. Resales. 
Order 1. Rosacea. 

2. Leguminos^. 

3. CRASSULACEiE. 

4. SaXIFRAGACEvE. 

5. Droseraceje. 

6. Hamamelide^. 

7. HALORAGIDEiE. 

8. HiPPURIDEJE. 

9. CALLITRICHINEiB. 



» 
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F PUNTS. ^ 


BEEIES n. 


DISCIFLOR^. 


Cohort 1. Sapindales. 


Cohort 4 


Geraniales. 


Order 1. Sapindacej;. 


Orde 


r 1. Geban-iace*. 


„ 2. ACERINE*. 


„ 


2. LrNEi. J 


„ 3. TeBEB [NTH ACES 


„ 


3. EBYTHK0XT1.E*. 1 


(ANACARmACES). 




4. Oxalice*. 1 


„ 4. SrAPHTLEACE*. 




5. Balsaminej:. 1 


Cohort 2. Celastrales. 


„ 


6. TROPiOLEJ. 1 


Order 1. Celasibikei. 


„ 


7. Ztoophtllex. 


„ 2. Rhaunee. 




8. RUTACES. J 


„ 3. AiTFELirEA. 


„ 


9. Meliacex. 1 


Cohort 3. Olacales. 




10. SlMABUBEA. 1 


Order 1. Ilicise« (Aqui- 


„ 


11. BUBBBEACEJt. 1 


FOLIACEfi). 




1 


„ 2. Empetrlj:. 




1 


SEBIES m. THALUOFLOItS:. J 


Cohort 1. Malvales. 


Cohort 5. 


Parietates. 1 


Order 1. Tilucej:. 


Order 1. PArAVEKACES. | 


„ 2. Sterccliacej. 




2. Fomarucej:. 1 


„ 3. Malvace^. 






3. CRucn-KR«. 


Cohort 2. Guttiferales. 






4. Cappabidej. , 


Order 1. HrpEBicrnEfi. 






5. Rebedack*. 


„ 2. Elatines. 






6. CisTiNEa. 


„ 3. Tehnstb(E1siace«. 






7. BlIACKS. 


„ i. Clusiacej; (Gut- 






8. VlOLARIE*. 


tifebj:). 






9. Sarracenucu. 


„ 5. DrPTEBOCARPEI. 


Cohort 6. 


Ranales. 


Cohorts. Caryophyllinae. 


Order 1. RANTNaruCKa. 


Order 1. Cahtophyllacej. 


„ 


2. Magncliacex. 


„ 2. PORTULACACES. 


„ 


3. Calycanthacex. ' 


„ 3. Tamabiscinea. 


„ 


4. Nymphj:acb«. J 


Cohort*. Polygalinse. 


„ 


5. MENiBPEBMAce& 1 


Order 1. Poltqalacek. 


„ 


6. Bebdebidu. I 


„ 2. PlTlOSPOBEJ!. 




1 

1 


SUB-CLASS I. M 


ONOCH] 


The flowerB osnally htive a b! 


[Dpie Bepiiloid periantli, or it may 


be ftbseat ; they are uaaally diclinona. 


^ 
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BEBIESI. HYPOOTNS. 
Ovary superior. 

Cohort 1. Piperales. The flowers are nsnalty Lermaptrodite, 
and they are arranged in a spike or a spadix, with bracts ; perianth 
iisnally absent. Ovnie orthotpopona, Bolitiiry, basal, or Buspended ; 
in rare cases there are several parietal ovules. The embryo is 
small and lies imbedded in endosperm, in a depression of the abun- 
dant peris perm. 

Order 1. Piperaoex. Ovary nnilocnlar, 
with a single orthotropons, erect, central 
ovule. The iofloreaeence is a long spadlx, 
with peltate subtending hnicts (Fig, 191/, 
below), in the axils o£ which the flowers are 
situated. The flower cocsists only of an 
ovary (Fig. 191 /, alove) and sii, three, or 
sometimes two atamena; the fruit is a berry. 

Piper nigrum ia > olimbing ehnib belonging to 
the East Indiea; the unripe dried IruitB are black fio. IHJ,— Pan ul Uio apu- 
pepper; white pepp«r conBiets of the ripe frnitBof *"* "' PipBromiB, wich « 

the aame plant, whiah, after maoerWiott, aw freed ^''""■' ( <^'''"' '■'^^ """ 
,...,, lending br«t ; i • ttie two 

from Ineir oaler OOM. BtBnieos> / (abovel, ovary ; I 

Cohort 2. Urticales. Flowen nmiilly ■"^"""■■"'""•l' 
diclinous, in infloreacencea of various forms ; perianth nsually pre- 
sent, simple, sepaloid, consisting of Gve or four (2-1-2) segments; 
stamens opposite to the segments of the ^ 

perianth excepting in the Platanece (Order 
5) ; ovary monomerous, uannlly unilocular, 
B second rudimentary carpel being usnally 
present in the form of a second style ; ovule 
solitary, in different positions Seed com- 
monly containing endosperm. The inflor- 
escences in Orders 1-3 are usnally situftted 
two together at the base of a modified shoot 
which springs from the ftiil of a leaf, and o[Ur(iMum.(,wiiiiaien((/), 
they ore cymose (Fig. 192). The leaves <" "■• "" °' "'^''' ^ ""> 

■' 1 branch (m). at ihe buc of 

are generally hirsute. nlUcb an ths inflDraaceima 

Order 1, TJbtioejb. Omle central, ortho- (''>■ wiUiont any bractB (nat 
tropouB, erect, Seed containing endosperm. 

They are mostly herbs or shrubs without milky juice and fre- 
(juently provided with stinging-hairs: leaves alternate, stipulate. 
Flowers polygamous, moncecious, or dlcecions, in paniculate or 
glomcrulate inflorescences. 




M 
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(Stinging Nettles) are known hj tlie etinging bairn 
tlieir vbote Burfaco: the tiro oatei segmenta ot the 
re larger than the inner BegmentH (Fig. 193 B)- 
iQ the former species tlio male oaA temale 
Sonera are containeil in the Bamo paniole, and 
the fioral aiia is bat feelily developed ; in the 
latter the; sue on difluront pUnta, and the uiia 
'a veli developed and bears leaTea. Bolimeria 
nivta. a native of Ciiiaa and Japan, bM strong 
bast-SbreBQsed for weaving Che material known 
in England ob Gtaea-olotb. Parietaria erecta, 
having polygamous floveis vitb a gamopbyl- 
1ou3 poriontb, and duatitnte of atinfjing-haira, 

™u,™uui.j. u.«, „i «™ u,u.., oooura occaaiooally on wbUb, by roadsides, etc. 

Bower: <•? mWr; V Itnor whuri ' 

?enli'itflo™J^"."^""""" Order 2. MoRES. Ovnle sttspended,. 
ftnatropoas or campjlotropouB, more 

rarely basal and orthotropons: need with or without endosperm; 

the fmlt ia enveloped by the perianth, whioh becomes fleshy, or by 

ft fleshy floral axis. Trees and Bhrubs with iinlky joice, scattered 

leaves and dccidaooB stipules. 

J/orui alba and ni^ra (Mulberry) oonte tram Asia; the flowers are diapoaed 
in short eatkioE : the catkins are borne singly ou Hboots whioh, at the timeol 
flowcsing, ate still buda, and the; oo-ulain Uoweni of one sex ouly (bat the 
flowers are moncecions) ; the female flowera giro riu, as ripening takes plaoc, 
to a apnrioni fruit (soroais), conaiating oi spurious drupe* [onned by the 
perianths. The leaves, piLTtivulurly at the lormer species, aro the food of the 
wlk'Worm. Broaiioneiiii papi/rifiria (Paper Mullierryi has flowera like the 
preceding, bat they ore dincoioua. The bark is mode into pa; er in Cbiua and 
Japan, itaclura liiuluriu, in Central Amorioa, yields 

_,. .6^ Fustic, a dye. Ficui Carica is the Pig.troe ol Soulhem 

^■si^^^irA ETopii '• t'"' fie i'ae" (termed a syoonns) is the deepi; 
^l^^^H ) concave axis of the infloreseence, on (he inner aurface 
ami k^Wa °' '"^^"^ ''"' :flowera and snbeeijuentlf the fruit*, in 

\ ■MRr / '''^ '"'^"^ °' haii grains (acbenes), are bame (Fig. IM 
\ ^^PTr / ■>/) : the oavity is closed above by small tiracta (Fig. 

\ ^^ ■ W-1 1). t'iciu tlaitica ia the Indian -nib bar tree; it is 

freqncntly cultivated in rooms. F. rtUsioiu aud other 
Eaat Indian species yield CaoutohoDO, whieL id tbeir 
ioBpiBsatcd milky juice (latci). Arloearpm ineiM la 
Tio. IBL^-LongltBdlnal the liread-truit tree of the South Sea Islands ; the luge 
««U™of»Fl(r (nM-^iieji spurions fruit (soroaip) of this tree iBroaatod and eaten 
'™™»?™f°^il'.V'^ "* ''""'*■ Qalatlodtndron utile, the Cow-tree »f 
Columbia, hns a nutritious latex, while that ul Jntiaru 
lojciearia (Java) is poisonous. 

Order 3. Caxmbixbji. Ovale soapended, oampylotropouf- 
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Flowers diccciona, in panicled infioresoences. The male flowere 

(Fig. 195 A) have a S-pai-tite periftnth and 5 short etamens; the 

female flowerfl have a tubular entire perianth (Fig. 195 B p) 

enclosed in a bract (Fig. 195 B d). 

Herbs with decnssate leaves — at ^ ".^ 

least tbo lower ones ^ and per 

sistent stipules ; devoid of latex. 




>. IH.— XHtastloii 






B Pemi 



CannaAiKatu'i, theHemp.isanativeot A 
Asia, coltivated Ihiongbout Europe. The 
ma\e inltoresDeitaes are pauicled diobneia 
or BDorpioid cymea. and ore dieposed on 
l)otb aidea of a Tudimontnrj shoot at tb 
spei o[ the plaot ; the female Qovera at 
placed eioglj on botb lides of a siinila 
shoot, which bears secondary shoots in bract (d) ;■ bcsIb. <.>.. one of tha too >ti- 
the axils of its leaves, each having tva pulei, rrom Ihe eamman aill or which Uie 
fiowers. The tongli bast-fibres are used ln™oh bearing the flowennprtnaa. 
in weaving and for ropes ; the seeds contain a great deal of oil. Humulut 
Lupvlae, Che Hop, is both coltiTBted anil found nild. The stcni, nliicb baa 
the peoaliarit3f of twinine to the right, hears its leaves in pairs, each of which 
has two pairs of membranotis stipules. In the inflorescunce Ihs bracts are 
placed singly, and are finally represented only by their stipules. In the female 
inflorescence, which has the appearance of a fir-cone, a rudimentary shoot ia 
present in the aiit of each pair of stipules wbieh bears two Bowers on each side; 
it seems at first sight as il two flowera were developed in the aiil of each stipule 
(Fig. 195 B). AH the bracts are covered, especially on the upper surface, with 
numerona yellow glands. In the male inQorescence the shoot which bears the 
flowers is well developed. 

Order 4. UniACEi. Ovule suspended and solitary. Flowere 
mostly hermaphrodite, with a 4-6.partite 
perianth (Fig.196 4). Woody plantadovoid 
of milky juice; leaves alternate, with decidu- 
onsBtipnlea. The inflorescences (glomcmlee) ■ 
are borne directly in the axils of the leaves. 

In the genus Dlmns the hermaphrodite flowers 
are fascicled in the aiils of the leaves of the pravions jjimm 
year, and they are invested by bud-scalea ; one or brscti t periai 
more flowers are developed in the aiil of lbs inner- ^ *■""' (Bama 
moat scttla before the opening of the leaves. The J' DiombraB 
ovary is bilocular. The fruit is a samara, that is, an 
Bchene with a broad membranous wing (Fig. 13S B). The leaves 
and always obliqno. The annual shoots have no terminal bud, and 
n sympodium. Two species of Elm are indigenous in England. Vli 
irii,the common Elm, and Ulmui Dionrajia, the Wycb 
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former has nth«r slender bnnches. U>Tei with duUoct petioles »nd serrtte 
mu^B, Bomewhit nurov at the base, and a seed which is above the oentre at 
the Mmua ; the latter baa thick horizontallT spreading hranehei. leainee with 
TEt7 ahort petioles and dooblj' serrate marging. broad at the base, and ■ seed 
which is central in (he tamora. Cettii aiatralu, from Soathem Europe, and C. 
oeciilmtalii, from North America, are often eoltiiated as omtmerital trees; 
their flowers are polygamoos, and they are placed aingly or »e»et»l together 
in the axils ol the obliqne acnminale leaves ; the ovary is imilocolar ; the trait is 

Otder 5. PuTAms. The diclinous flowers ara aimnged in 
glomeniles borne laterally on pendnlons btanchea. In the male 
glomemlcs a namber of stamens are present together with scales 
■which probably represent the several perianths : in the female 
glomerales there are similar scales among which are the nnilocalivr 
oraries. each coataining a single suspended orthotropons OTiJe. 
They are trees destitute of latex, having sc&ttercd leaves and per- 
eistent eheathing stipules. 

Ptataniu oecidentaUt, from Kojtb America, with three-lobed leaves, and 
J>, onmldtii, Irom the East, with osaallc fite-lobed leaves, wiiich are often 
eimntorm at the base, are freqnentljr cultivated (espeeiall; the farmer). The 
■Booth hatk, which is abed is flakes, u very remajkable. The Fluie may be 
■I onc« di«tiiigiiiahed from the Uaple«, whieh resemble il a good deal in the 
toim of the leaf, by tbe soatteted anangement of the leaies. 

Order 6. CEB4T0PHTLLEi. Snbmei^ed water-weeds of donbtfnl 
affinity, with whorled, sessile leaves dichotomoosly divided and 
Bubdivided ; in the axils of some of these the diclinons moncecioiiB 
flowers occar. Tbe mate flowers consist of from 6-12 perianth- 
leaves and about as many stamens; the female Bowers have a 
similar perianth and a onOocBlar ovary with a single suspended 
orthotropona ovnle. 

CtraiophgUiiM drmmitm and mbttemm oeenr sahnwrged in ponds and 



Cohort 3, Amentales. The flowers, which are always dicli- 
nous and generally monoecioos, kts arranged in catkins (amenta). 
The perianth, when it is present, consists of five, fonr (i.e., twics 
two), or six {i.t^ twice thive) sej^enta; the stamens are generally 
superpc«ed on the segments of the perianth. The ovary b uanally 
inferior, di- or tri-merons, with numerous orules. The frnit (with 
the exception of Order 4, the Salicineie) becomes by abortion one- 
BMded, and is indehiscent : the seed has no endosperm. Th« 
Bowtn are famished with bracts which often form invefftmenta 
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for the fmit : their airangBment in the first three families is aa 
follows : in the asil of a primary scaly bract (the primary bracts 
being; arranged spirally in the amentnra) is a flower (6) with two 
hngpteoles a aad ^, in the aiil of each of which is another Sower 
■ffith two more bracteoles a and ^ (Fig- 197)- They are trees 
and shrubs. 

Order 1. BETDi.ACEi. The flowers are monoeoiouB, but in dif- 
ferent catkina. The female flowers have no perianth : the ovary 
is bilocalar, with two ovnles : the fruit is one-seeded, indehiscent, 
without any investment ; the primary bract is coherent with the 
two or four bracteoles (the bracteoles a are always absent) to form 
a three or five-lobed scale, which does not adhere to the fruit. 




im.—A Bcale troiD ■ 
icana : tbo ulUar^ branch ktlhirea to 
tour brocUwlcB and three 
Bdwen ua moo iwartilt; 
stromaboTSipparluiLti; 
Sc&le (■; or ■ rem 
1: it« Bxillflry brmi 
ifli, «acb of wldcb boara Lwo 
•) HaS onB Bowor i / tbs ovBrj ; 
ti the nigta»* (msgDlBed uid dla«iiuiiiDBtiC')- 

Alnns. the Alder. In the male ataecta throe Qoaers vitb four bracteoles 
OCCT1I in the axil of the primar; bract, each flower barmg a perianlh o[ four 
segments and lour unbranched slameus. In the female amenta the median 
ilowei ia abBent ; the tour bracteoles eoalesce with the pTimar? bract (Fig. 198 
£ D i) to torm a fire-labed wood; scale which pfiajsta after the (all of the fruit 
which ie not winged. The male catkina nre borne lermiaall;. and the fcmals 
laterally od the bigheit lateral branch, on the shoots of the preTioaa year; they 
are not enclosed bj bud-scales during the vrinter, and bloaaoming lafaea place 
before the opening of the loaves. The leaves have QEually a 1 arraogemont ; in 
A. ineana, the white Alder, the tesTes are acuminate and gra; on the under 
aotfaee ; in A. glutinoia, the black or common Alder, they are obovate or even 
emarginate aud green on both suifaces. In Alnui viridii, the mouulain Alder, 
the male catkins ool; are destitute of bad-acalee in the winter. 

Butula, the Birch. In the calkins ol both sexes the throe flowers have only 
the bracteoles a and ^. In the male flowers the perianth is usually incomplete, 
and there are onl; two stamciia, the filunents of which are (oifaed. In the 
female catkins, the two bractoolee cohere with the primary bract to torm a 



iJ^ 



ihiM-lobed sc*le »bioh falls off together with the irioged trail. The milaii 

a borne teniuiuU; on the ahoola ol the prerioiia jeir, uid ue not 
eovend with bod-scaJea dming tha winter ; the female Mtkiiu ue borne t«t- 
miuiJly OD Uterol dw»tf-shoot«, which haTe ool; ■ few lemies. Knd they are 
BDoloced by bud-Bcsles dtuiog the winter; aa a oonseqaenoe. flowering taikei 
pUee after the onlolding of the leasee. The shoota of sneoessive Tears loinn 
•jinpodia. and the learei are arranged splrall;, B. terrueo*a has white glands 
on the lesTM and jroong ahoots ; B. pubttenu haa no gUodi, hot the shoots are 
hairy ; it is a northern form ; B. frutieoia and S. nana are ahinbs oeeatring in 
high latitudes ; B. alba is the commoD Biich. 

Order 2. Mtbicacex. Treca or sLmbs; the flowers, whicli are 
diclinoiu) and sometimes dioE^cions, are arranged In catkiiis; a 
perianth may be present or absent, when present it is ecnly. The 
ovary is dimerooB and miilocalar, with one erect ortbotropoiu 

Myriea OaU, the Bog-Mjirtle, is ■ shrub oeeorring on moors. If. etri/era, 
belonging to North Amerioa, secretes a qnantity of wai on its traits. 

Order 3. CASUABiSEiB. Trees having somewhat the appearanc« of 
Horse-laib (Eqnisetnm), with long channelled intcmodes and leaves 
forming a toothed sheath. The flowers are in nniseiool catkins; 
the mole flowers consist of a single stamen and two perianth leaves, 
tho female of a nnilocalar orary invested by two bracteoles, which, 
when ripe, are hard and woody ; the whole female catkin th^ 
reseniblca a pine-cone. 
SeTBral speoiei of Casnarina are indigenoas in Australia. 



Order 4. SiiicrsEJ!. 
amenta, and they are borne 




{ealarvnl). 



dicecious flowers are arranged I 
the axils of the bracts withoat any 
bracteoles. The perianth is represented 
by a disc or a scale. The ovary is di- 
merous and nnilocular, and contains a 
number of parietal ovules. The dehis- 
cenco of the frnit is locniicid&l ; the 
seeds are famished with a pencil of silky 
hairs at their bases. The catkins are 
ii*Vs ' developed at the ends of lateral dwarf- 
lUgmu shoots which always bear scales or even 
a few foliage- leaves. 



Balli, the Willow, baa entire bracts, one or mare neotariea (glands) in eaoh 
flower, and usanU; two alamens, entire ahortlf-stolked leavtia, a 
buds are eovcrcd b; a scale whioh is lormed by (he coalescence ol two. 
shoota. which grow throughout the smamijr, die down yearly. Some apeoiei, 
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such aa S. af6a,/iflgtHi, and ta^loniea, Iho Weeping Willow, have peadnlouB 
branches, and are aiboreioent ', most of them aie gbmbby, and luiiue, such as 
5. r;(iciilala, Tiliiia. and hcrbaeta tire small decumbent alimbs oeourring in tlie 
Alpfl and in high latitndeB. In S. jnirpurta and tiicona the two Etamens are 
connate : S. triandra has thiee stamens. Most of the species grow on the banks 
of rivers ; S. aariia and capran in forests, and S. repent and others on moors. 

Fopulus, the Poplar, has toothed or lobed biaota. a discoid perianth, and 
nomerous (4-30) stamens ; the leaves are often lobed and have long peticiies ; 
the winter-buds are enclosed bj a number o[ scales ; the ehoots have a terminal 
bad. In the Sectian Lease the joang shoots are pubescent, and the buds 
are not viscid ; the male Qoweis have usually onlj' from 4-8 stamens, and the 
stigmas have 2-4 lobes : to this section belong P. alba, the White Poplar or 
Abele, with flve-lobed leaves on tho elongated shoots, which are woolly beneath ; 
and P. tremuta, the Aspen, with sinuate -serrate leaves, glabrous beneath, which 
are versatile on the long slender and oompresecd petiole, and which are tbere- 
tore verj readily set in motion by the wind. In the Section Aigeiros, the 
jonng Hhoota are glabrous and the buds viscid ; the bracts are glabrous, and the 
number of stamens is UBually from 16~30; the stigmas are entire or shortly 
lobed; to this section belong F, nigra, the Black Poplar, and a variety with 
erect branches, the Lombard; Foplar; ol the latter, only male individuals are 
nsnolly cultivated. 

Cohort 4. Euphorbiales. Plowers nsnaU; diclinons; the 

periimth sometimes consists of calyx and corolla, Gometimes it 

is simple, and occasioaally it is absent : 

the ovary is uanally trilocnliir, with 

one or two anatropons and (generally 

anspendod ovnlca in each locnlos ; the 

seed contains endosperm ; the stmctnre 

of the flowetB is very varioiiB. The ofiB- 

nities of the gronp are not accurately 

known. 

Order 1. EDPHOBnrACE.s. The frnit ia 
nsually dry and dehiscent, splitting sep- 
ticidally into cocci. The micropyle of 
the solitary suspended ovule is directed 
ontwards. They are plants ol very i 
various habit and floral Btractnre, and "o"'" t""i» (*"); p '• '^' 'a'" 

,, ,, , . ... . . Incro or the cjaihinm: dr tbi 

they mostly contain milky ]uice, gUndi: a the mnie floncrii i 

The genns Enphorbia has eymose t^e pedioei of uia famaic dowe 
ombelfi or dichaaia, the branches of which ^^' " "" '"^" i«»-^g''i)- 
terminate in what were formerly regarded as herraaphrodiU 
fiowers, but are really inflorescences, each one being termed ( 
cyatTiium. The cyathinm consists o! a tabular involacre (Fig 
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200 p), between the five lobea of whicli glandular appendages, often 
of a Bemilnnar form, are situated (Fig. 200 ir), WitUn thia in- 
volncre are nnmeroas male flowers in five groups, each of wliich 
consists of a Eingle stamea (Fig. 200 a) and is terminal on a long 
pedicel, and one female Son^er (Fig. 200 g), consisting of a tri- 
locnlar OTar; (Fig. 200/), at the base of which an indication of a 
perianth may in eome cases be detected. That the cyathinm is an 
inflorescence and not a single floT\-er is most clearly visible in some 
foreign genera (Monotaiia), in which a perianth is distinctly de- 
veloped ronnd each stamen. There is a single ovnle in each locnlna 
of the trilocniar ovary : the seed baa a pecnliar appendage termed 
a aaruncle. 

In Mercnrialis tlie inflorescence is racemose : the male flowers have 
a three-leaved perianth and nmnerons stamens ; the female flowers 
have a similar perianth and a bilacnlar ovary. The juice is not milky. 

Ricinos bears its moniBcioas Bowers in a compound inflorescence, 
in which the mate flowers are placed below and the female flowers 
above. The perianth is simple and five-lobed, the stamens namer- 
ons and macb branched (Fig. 142). 

Of Euphorbia, ths Sparge, s namber al speoies are annual herbs, as S. Ptpliit 
and belioteopia (Che common Sun Sparge) owuiring in gardeas aod hj roftd- 
Bides ; Bome South European (onus are small shrubs, ai E. dtndroidet and 
fmlieoia. In AJrica and the Ganary Islands the g^nna is reprasented bj species 
which much resemble Cscteis in appearance ; thaii stems are thick and cjlindri- 
oal or sngnhic or aoraetimea apberical, ptoduoiug small lesves which dbubIIj 
soon fall off. ilcTcurialii annua and perennii (Dog's Mercoi?) are vaeds ; ths 
first oommon in oultivsled ground, the seoond in voods ; their flowets are 
ditucious. Jtfi^'niu cummunii (the Castor-oil plant) is a native of Africa, now 
frequently cultivated. Bome speciea of PLjIlanthoa have phylloid branches 
which bear their small flowers in the axila of minute briatle-hke leaves situated 
in indentations st the edge of the pbj'llaclade. 3Ianihot uliliiiima, a Soath 
American plant, Tislds the starch; meal known in oommsrce as tapioca. Prom 
Siphunia tlatlica, a apecias growing in Central America, most of the eaoatohoao 
is obtained. 

Order 2. Buuhex. The micropyle of the sospendod ovule is 
directied inwards. Flowers moH'Cecious, in glomerulea, in which the 
terminal flower is osaally female and the lateral ones male. Male 
flowers with a simple 4-leaved perianth and fonr superposed 
Btoraena; the female with a trilocniar ovary: two ovules in each 
looulus: fruit a capsalot with locnlicidal dehiscence. For the most 
part slimbe devoid of milky jnice. 

Buiiu lempervlreTu, (be Boi, is an •Torgreen shrub of Southern Europe ; ths 
wood is valuable. 
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Cohort 5. Daphnales. Flowers hermaphrodite or nmsexnnl, 
actinomorphic, 4 or 5-meroas : perianth simple or biseriate ; ia the 
latter case the corolla is osnally suppressed : stamens typically ia 
two whoria, perigynons : ovary monomerons, with usually a single 
anatropons ovule inserted on the Soor of a hollow receptacle : 
embryo straight. 

Order 1, Thymel«ACE«. Flowers hermaphrodite; calyi and 
receptacle petaloid. with a l-lohed limb ; corolla suppressed, or 
represented by small scales : the four stamens opposite to the sepals 
are inserted higher on the tube of the calyi than the four which 
are opposite to the petals (Fig. 201): ovule suspended; fmit a 
berry r seeds without endosperm. 

Daphne Utiereon iB Doaunon in voa^t ; Hxe UBuall; 3-flowered inSareaoenoes 
are borne in tbe Bxils of the foliage leaves af tlie previonB ;ear, and ihej bloooi 
before the development of the leaves of the same jeai. 




— Bennaphndlls Hamrof SI* 
. A Id loaeitadinal KcUon. B 
1 diagnm (the caljrk im tTTattBautif 
1 cUa^atullj, loBiud of msdio-launl 
l;Jj diIiH(eDlugod.) (ACUir SbcIil) 

Order 2, ELj;4GNiCEi. Flowers diclinous or polygamona, 4 or 2- 
merons; the corolla ia suppressed ; the stamens opposite to the 
sepals are sometimes wanting (Fig. 202 B) ; a disc (Fig. 202 A, d) 
usually closes the receptacle : fmit an achene, surrounded by the 
receptacle or by the whole perianth ; ovule basal : seeds with small 
endosperm: the leaves are covered, especially on the under surface, 
with scaly hairs. 

Hippopka'i rhamnoidci, tbe Sea Backlhom, ia a shrub wbiah L 
n tbe banks of streams ; the smaller brancbes movtlf U 
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Ujorn ; the floners are diaeions and dimeroui ; vhen the finit is rjpe the calyx 
U d[ an oruigo colour. ElKugnus bos tetrameroaa poljgamDui flowera (Fig. 
202) ; it IB commonly cultivated. 

Order 3. Peoteaces, Affinities doubtM. Flowers hennapbro- 
dite ; the very ebort Btamens are snperposed on the four segments 
of the simple perianth, and are adnato to them (Fig. 203 B) : when 
the flower opens, the tube of the perianth often becomes Etlll more 
deeply cleft : the ovary is nstially borne npon n prolongation of the 
axifl (Fig. 203 C, gp) : ovules one or more, ascending : seeds with- 
ont endosperm. 

Protea. OicvilleB, Uangt^Bia, and others oocar mostl; in Booth Africa and in 
Austral ia. 




r 


o. 803.— 


Flower at 






n. J Bfl- 




.pening 


BOpen 


p Mumen; of Ui 


peHinthi 






nig™.. 




belon 


in loagi- 




ataecli 






II Tmi 




on 


of the 


arj, E Kipo frail. 


(After 


Sndu.) 



(iIigtsQdulu'ippoDiiago*. CiBgrwaof 



■ polygamous, 

cyclic, nsnally truneroas (dimerouB in Laums) ; perianth simple, 
sepaloid, in two whorls; stamens 12, in four whorls; the autheis 
open by 2 or 4 valves, sometimes introrae, sometimes extrorse ; 
the filaments have glandular appemilages (Fig. 204 66). Ovary 
trimerons (drawn as monomerona in Fig. 204), nnilocnlar with 
one suspended ovnle, two of the three carpels being abortive. 
Fruit a berry or a drupe. Seed devoid of endosperm. 

These are offuollj evergreen shruLs tritb coriaceous leaves ; a tern, as Caaaylha, 
aro parasitca resembling the Dodder in habit. 

Order 5. Mtristice.e. Flowers dielinona, cyclic; perianth simplo, 
paraopbyllons, 3-lobed. Stamens 3-18 coherent into one bundle. 
Ovary monomerous, with one baaal ovale : fruit a fleshy two-valved 
cttpsnle : seed with endosperm. 
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Myriitica moschata, the Natmeg, is & native ol the MoJacosa. The seedii 
invested by an arilluB, an in tegument which is dsveloped after {ertilisation : it 
has a netted or laoioiate appeuance (Pig. 205 a) ; it is known in comuieTce M 
Mace. Se«il large, with much endosperm, the butFodo of which ia corrugated; 
the innennoBt layer of the brown teita closely (dUowb all the niadicgs, and thii 
giiea the endoipann a mubled appearance. 
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Cohort 6. Chenopodiales. Klowors usually hermaphrodite; 
perianth sepaloi'd or petaloid ; ovary monomurous or polymeraaB ; 
ovale aanally solitary ; embryo coiled or cni-ved. 

Order 1. CnENOPODiACE*. Flowers small, united to form a denee 
inflorescence: the bracteoles are nsnally supproased. Stamena 
superposed on the usually 5-leaved aepaloid perianth (Fig. 206). 
Ovary usually dimerous and unilocniar, with a single basal ovule. 
Stipules wanting. 

Chmapodium album, the Oooie-foot, and Blitun (Chenopedium) Bonu* 
Henricua, the All-good, are common weeds on garden gronnd and waste land. 
Spinaeia nieraeea is Spinach, cultivated as a vegetable. Bila vaJgarii ie cnlci- 
valed under the var. Ciclii (Mangold}. B. allU$inta is the species csed in the 
moDiifiiettu'e of sagor, and B. rubra is the red Beetroot. Saltola, the Salt-wort, 
and its allies, with fleshy stems and leaves, are oonspicnous in the vegetatioa of 
the sea- shore. 

Order 2. AuAnANiACES. The flowers have the same structure bb 
those of the preceding family: they have usually braoteolea which, 
are frequently petaloid : ovary unilocular, probably polymerous ; 
ovnio solitary and basal, but in some CB«es the ovules are numerous. 
Stipules absent. The flowers nsualty form dense infioreacencea. 

Bpecies of Amarantas aai Cetosia (Cock's comb), the latter having a : 
stioQS fioral axis, are well known as omaznental plants, 
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Order 3. Phttouccaces. The flowers have a. simple, generally 
5-leaveil perianth which is often petaloid, and two whorls of 
the niunber of the stamens is in many cases doubled 
(Fig. 207) : the number of carpds Tariea 
very mach; when the ovary is polymerons 
it is mnltilociLlar, each locnlos containing a 
single ascending ovule. Stipnlcs occasionally 




Phytolacca dteandra, a imtiTa of North Aneiica, 
is used as s colouring .nuttet in the manolaclare ot 
F.O. »7.-Dui«TUDOftli8 wine and in other piooasMB. 
flonn of Pkfldloaa iKm- 

*^ Order 4. Ntctaoine*. Periimth simple, 

petaloid, garoophyllons, S-leaved ; stamens in greater or smaller 
nnmbers ; ovary monomerous, THiilocular, with one basal anatropoos 
ovule ; the terminal flowers are snrronnded by an eplcalyi, bnt not 
the lateral ones. 

MirabUU Jalapa, the Marvel ot Peru, is an omnmental plant from America; 
the looti aie often snbttittited tor those ot the trne Jalap. 

Order 5. Poltgonejt. 
The flowers have a simple 
4, 5, or 6-lcaved perianth 
which may ho either 
sepaloid or petaloid, and 
nsnalty the same number 
of superposed stamens ; 
but occasionally the sta- 
mens are more nnmeroos 
or some of them are sup- 
pressed. Ovary nsnally 
trimeroDS, nnilocnlar, with 
a single basal orthotropous 
ovnle; the froit is fre- 
qnently more or loss «n- 
of Poirnotinm, veloped by the persistent 
..I '"'J^ perianth. The leaves have 
imoi. well - developed sheaths 
,. .,. vn. p>rr,.i.un: , »«, „( (^Yig. 208 A v) aod connate 
lut, e inoar pertuUi-whDri stipules forming an O'^Area 
(Fig. 208 0) which em- 
some distonoe above the leaf -sheath. 
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Rhoum, the Bbabtirb, hiu aii (three interaal ftod three external) perlftntli 
leaves and two whorla of aCamaaB, tbe outer oontaining »i\, and the inner 
three ; Rheam undalalam and other speclos are enttirated. Biimei, the Docik, 
has flowers of similar Btmctare, but the inner whorl of stamens ia absent ; the 
triqaetrons fraits are completely enveloped by the inner whorl of perianth leavea 
(Fig. SOS c) ; the leaves oontain a largo quantity of oxalic acid. Potyeonum hu 
nsoally five petaloid perianth leaves and a varying nnmber of stamens (6-8) ; 
P. Fagopyrum, the Buakwheat, it cultivated for the sake of its meal; seeds. 

Cohort 7. Nepenthales. Flowers di<Bcions; perianth eimple; 
atamena monadelphoas ; ovary 3-4-Iociilar ; ovnlea indoGnite. 

Order 1. NEPESTHEa;. The lamina of the leaf of Nepenthes haa 
a pitcher-like form, and is termed &a aecidium ; it is an adaptation 
for the pnrpDse of capturing insects. 

SERIES n. EPIGTNiB. 

Ovary inferior. 

Cohort 1. Quernales. Flowera diclinona: ovary 1-6-locnlapj 

ovule 1, baaal or anapended : seeds without endosperm. 

Order 1. Jcolanoej;. Flowers monoecioos, the two kinda of 
flowers being contained in distinct catkins. Each bract bears in its 
axil a single flower v 



Tith two 
The ovary is 

and encloses 




bracteolea. 

dimerona, anu encloses a p^ 
single erect orthotropons 
ovnle, The male flowers arc 
uBnally borne on the bract; 
they may or may not have a 
perianth, and the stamens are 

indefinite (Fig. 209 j1). The nigrabevrDgafiooBripperlwUian 

fmit is drnpaceona; the leaves .««»on»i ,«i.drtt..«.ki« B Peinsie flown- 

3 i-i -L of OiBuuna plant! I br«ilcolMi« perianth J m 

are pinnate, and, like the migmM (magniflod). 
flowers, they are aromatic. 

Id Joglana the male oatbiQs are borne an the apieea of the leaSeas shoots of 
the previous year, and the fen-flowered female catkins on tlie apices of the 
leafy shoots of the same year. The braetcoles of the female flowers (Fig. 309 I) 
grow ap around the ovary. The eoconlent mesocarp U thin, and ruptures 
irregularly ; the hard endooarp opens on germination along the Ime of jonction 
cl the two carpels, and then the incurved margins of the carpels are seen as 
an incomplete longitudinal teptnm projectiDg between the two cotyledons ol 
the ambTjo whioh is ctoeely invested by the endooarp. J. regia, the Walnot 
Tree, it a native of SoaUtem Europe ; in North America. /. eintrta and nigra 
occur ; also TMioDs species of Carya, the Hiokoiy, remarkable tor its very hard 
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Order 2. CoRYLACEi. Flowera monoeoioafl, ia male and female 
catkins. The male flowers ha"vo no perianth ; that of the female 
flower is mdimentaiy. The ovary ia bilocuJar ; one locnlns is 
sterile, the othei- contains two suspended analropons o\-nlea : the 
frnit is one-seeded and indehiscent (a nut). Two flowers are home 
in the axil of the piimary bi-a«t of the female catkin, the median 
Sower being absent. Each fruit is Bnrronnded by a leafy invest- 
ment (copnle) formed by the three bracteolea (a oj p^ and )3 a, ^, 
respectively, Fig. 197} of each Hide. In the male catkin tlie median 
flower only is developed ; the filaments of the stamens are deeply 
forked. 

Id Corjloe, the Hazel, the female natkin resembles a bnd, since the eiUmal 
sterile biaots have the same Btructare as the bad-solee (Fig. 210 S) ; the col 
■tigmae project at the top; the inveatmeat of tbo fruit is itrcgnlarlj' cut: a 
gniall projection is lormeil □□ the fmit, the nut, by thu remains of the perianth- 
Each primaiy bract of the male amrntum bears two brsateolee a and /j, nail toot 
forked (so apparently eight) stamens 
(Fig.210.i4). Bothkindsof amenU 
are placed in Iha aiiln of the leaves 
of tbe previoas year, and are not 
enclosed by scales ilnring the winter ; 
lienceBoweringLokes place before the 
anfolding of the leares. LeaTes dig. 
tichone. C. Avellana is the oomnon 
Hazel; C. labulota, (fith tei teaves. 
the Copper Hazel, is oaltiTaled as an 
ornamental shmb. 

In Carpinos, the Hornbeam, the 
fmit baa a three-lobed investment: 
the froit is ribbed and is snrmoanted 
by the perianth. The primarj biact 
of the male catkin bears 4-10 deeply 
forked stamens; there are no brac- 
teolea. The eatkins of both kinds 
are bome at the apei of short leafy 
shoots of the game year, henee 
flowering takes place after the unfolding ol the leaves. Leaves distichous. The 
anmial shoots form sympodia. C. BtCului has an irregular stem and serrato 
leaves which are folded along the lateral veins. In Ostrya (Southern Europe) 
the investment of the fruit is an opco tube. 

Order 3. Cupdlifeel*:. Flowers monoecions, with a perianth of 
five or ail s^menta. Ovary trilocnlar, with two ovnlea in ettcb 
looolaa; ovules anatropona, ascending or snapendcd: the fruit ia 
pne-seeded and indehiscent (a nut) ; it is invested by a coptUo 
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formed probably by the connate bi'acteolea a, ;3, oj ^j (Fig, 137), 
and having its surface covered with scales, prickles, etc. The 
filaments are not forked. 

In Quercns, the Oak, the male oatkina ere Ioobo; each bract beam > single 
flower in its axil without bracteolei : the periaDth ie 6-7 lobed, and the stameuR 
from 6-10 or indefinite (Fig. 311 a). Tber« it a single floner, the median one, 
in the aiil of each biaet of the female catliin ; thua the capule inveeta only a 
single fruit, forming the so'called aup at its base. The leaves are dcTeloped in 
i order near the apioes of 
the annual shoots; the 
annual shnots are always 
apical. The male catkins 
are borne in the axils of 
the uppermost bud- scales 
(pairs of stipules) on both 
long and dwarf ghoots of 
the same ;ear, the female 
catkins in the aiila of the 
foliage-leaves of the epical 
Hhoota : flowering takes 
place shorti; after the nn. 
folding of the leaves. The 
OTolea are ascending. The 
cotjledons remain en- 
closed in the testa during ibe BLigma, Tin 
genninalion, QutreiuRo- nolMciioaj/oTaryi i OTolee. 

bur is the English species, of which there are two varieties, Quercui jifduHcvlalii 
and Qatreai itisitifiora: the former has elongated female catkins, so that the 
fruits are widely separated from each other, and its pinnately lobed leaves are 
sbortl; stalked and cordate at the base: th-e latter has compact female catkins, 
HO that the fruits form a clnster, and its leaves have longer petioles, and are 
narrowed at the base. Quereur Siibir is the Cork-Oak of Southern Europe. 
There are also several North American speoies. 

In Fagus, the Beech, the catkins of both kinds have the appeoranee of stalked 
capitula. The Sowers of the mole oatkin are close]; packed ; the; have a peri- 
anth of 4-7 segments and 8-12 stamens. The female catkin consists of two 
flowers oal;, which are invested by a single oupnle and by four delicate leaflets. 
The oupule is covered with hard bristles, and when ripe splits into four valves 
to allow the two triyuctrDus froits to escape; each fmit bears at its apex a 
braah-like remnant of the perianth. The ovules are suspended. The female 
infloresceaoea are home on erect axes in the oiila ol the leaves of the apical 
shoot of the same year, the male on pendnlons axes springing from the axils of 
the lower leaves of the shoots. Leaves distichous, approaching each other on 
the under surfaces of the shoots, their axiUar; buds approaching each other on 
the upper surface : the winter buds are eloagaled and pointed. The cotyledons 
escape from the seed on germination. Fagiu tylvntica is the common Beeob; 
a variety with red leaves, the Copper Beech , is very generally cultivated. 
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In CaatuneB, the edible or Bpiuiob Cheslatit, fsome ol the oatkins oonsist «t 
their lower pari of [emala Boweia bad at their npper of mote floveiB, whilst 
otlierB have onl? male flowers. In the mil of eaeh braot there are uanallf 
either seven mole or three female Sowers ; the latter ore invcBted bj the braoteolee 
a and p, and bj a cnpule formed bj^ the other four bracteoles; the onpnle, which 
is covered with prickles, completelj encloses the froit until it is ripe, when it 
spUts into tom valves. Both kinds of catkins are formed in the aiila of Uavea 
of shoots of the some year, the mixed catldns being nearer to the apei than tbs 
mole ones, The ovoles are Buspended. The leaves are arranfted spirally on 
vigoroQs shcota; the? are diBtichoita on the l«aa vigoronB lateral shoots. 
C, vulgarii, from Southern Europe, is cultivated in puki; it has undinded 
toothed leaves. 

Cohort 2. Asarales. Flowers hermaphrodite or omsexnal: 
ovary multilocnlar : ovules nnmeroaa. 

Order 1. Akistolochies. Flowers hermaphrodite: ponanth ot 
three cotmate petalold segments forming a three- lobed tnbe : stamens 
6 or 12 : ovary usnally 6-lociilar, with nnmeronB ovules in two 
longitndinai rows along the inucr angles of the locnli. The minnt« 
embryo is enclosed in the copious endospenn, They are herbs or 
shmbs, often climbing, with large leaves. 

In AMarvm europaum (AsarabacoB) the three lobes ot the perianth are equal ; 
the twelve stamens are bee, and the connective ie prodooed (Fig. 313). The 
anntial ehoots of the creeping stem bear four 
eataphylloiy leaves, two large petiolate lecutonn 
loliage- leaves, and a terminal flower. The 
lateral branches spring from the aiila ol the 
uppermost (oliage-leaf aud of Iho scales. In 
Ariatoloohia (see Fig. 164 p) the limb ot the 
perianth is obliquely lipped ; the sii anthers 
are sesaile and adnate to the short atjle. A. 
Sipho is a climber freqaantlj coltivaled; A. 
Clrmatilii oaeurs on ruios. etc. ; the flowers of 
the latter occur usually several logulher in tha 
aiilA ot the leaves, and those of the former ui 
- poira. one above the other, together with a 
, branch in the aiile of the leafea ol the ahool 
□f tbe previoue year. 

Order 2. Cttoiackx. Parasites devoid of chlorophyll and with- 
out foliage- 1 eaves, with a osnally deformed vegetative body, and 
either solitary flowers of remarkable size or small flowers in a 
oompaot inflorescence. Flowers hermaphrodite or nnisexnal: 
perianth campannlate: ovary unilocolar: ovules very namerooB; 
embryo radimentary : seed with or without endosperm. 




GEOOP IV. — FHAKEBOOAMS. 

Butorder I. CTiraBat. Cytinui Hi/pociitii ie pstBBitio on the roots ot Ciatns 
in Bautbem Europe ; other speoiea accnr io Amecica fuid South Afrioa. 

Sub-order S. QyuiiaHEf . Hjdnora and others bio parasjtio on the roots of 
BuphorLiffi ID America and in Bouth Africa. 

Bub-order 3. RtteuMixcKX. iia^iia.ImoIifiiB(ianBpionouB(or thsenormana 
Ei;ie of its flower; it ii pBTOaido on the roots of Ampelidea in the Eut Iiidi» 
Ifllandfl. 

Cohort 3. Santalales. Fare^itic plants : leaves, when present, 

entire: stamens eqaul in nnmber ta the leaves of the perianth and 
superposed npon them j ovary onilocnlar ; ovuleB devoid of int«gn- 
ment- 

Order 1, Santalaces. Parasites provided with chlorophyll: 
flowers generally hermaphrodite; ovalea 1-4, Buspended upon a 
free central placenta r perianth 3-5-lobed ; fmit a nnt or dmpe. 

Thetium tinophyllum, the BaBtatd Tood-flai, is on indigunona plant nhich is 
paraeitie on the roots of other plants. The loaves ara narrow and Unear. The 
bmcla of the flowers, which are disposed in raoBmefl, ara nsually placed high op 
on the ptslicels, oloae under the Bowers, uid in moat of the speoiea aonstttute 
nith tba bracteolea a throe-leaved epioalfX. The stamens are filiform, inserted 
at the base of the lobea of the perianth. The perianth ia persistent, r emainin g 
curled up at the apex of Che indehisoeot fmit [Fig. 213 B). SantaluM alium, 
an East Indian tree, yields Sandal- wood. 





P peruath; a anthen 



Order 2. Loranthace-b. Parasites provided with chlorophyll; 
flowers dielinons or hermaphrodite ; ovule erect, adliering to the 
wall of the ovary : perianth of 4, 6, or 8 leaves ; fruit a berry. 

Viietim dlbum. the Mistletoe, is paraiitic on varioiu trees, forming oonspiauouB 
evergreen bunches. The stem beaia a pair ot opposite leaves (Fig. 314 b b), 
from the axils ol which new branches spring, each bearing a pair of eataphyllor; 
leaves aad thea a pair ol foliage* leaves, while the main ails eeaeea to grow, or 
producea a terminal infloreaconoe, consistinj; ol three floirera (Fig. 2H hf) 
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bnneliM or inflomceDces ma; also spnng Itciid the aiik of Ibe eaUphjllMj 
IcsTn. The floweri aie dimdoni. Tlie fruit u a one-seeded bsiy with a viadd 
perieaip, bj means of wbieh the aeeda become attached to trees, and thus effect 
the distribnCion of (he plant. The mnle flowen have mnltilocalaF tesaile anthers 
whiob are inaerted (Fig. 311 B a) upon the leaves ot the perianth. LoToMhtu 
Mnptfiu oecan npon Oalu in EMtem Eorope. 

Order 3. Baiakopuoee£. Parasites devoid of chlorophyll and 
without foliage- 1 eaves, with a deformed vegetative body. Flowers 
dicecioiu or moncecioDS, in many -flowered inflorescences. The 
female flowers osiially consist of a one-seedod ovary : the ovule ia 
Bospondcd, and it adheres clos-ely to the ovnry. The embryo ia 
very small. 

Balaoaphora. Lophophytum, and others are Brazilian genera; othen inhabit 
tropical Africa ; Cynumorium coccirteani ia found in the Mediterranean region. 



S0B-CLASS II. GAMOPETAL^. 
Flowers nsaally hermaphrodite : perianth differentiated into 
calyx and corolla; calyx nsnatly gamoscpalons ; corolla generally 
gamopetalooA, in some cases it is sapprcssed. 

SERIES I. htpogtnj:. 

Ovary §nperior (except in Vacciniee) : atamens epipotalona, or 

free and hypogynona. 

Cohort 1. Lamiales. Flower pentamerous, nsnally zypomor- 

phio with modioli symmetry: corolla usually bilabiate, the two 
posterior petals being 
connate and forming 
a Ereqncntly helmet- 
shaped (galeale) pro- 
jecting nppcr lip, the 
anterior petal, with the 
two lateral petals, form- 
ing the nnder lip : eta- 
mens epipetolons : the 
posterior stamen is 
asaally abortive or ap- 
pears as a staminodo ; 
the two lateral Btamons 
ore generally shorter 
than the two anterior 
the two median carpels 




Fia. tit.— jl Flower nt Ijunlam. side vleir : i: a.\ji i 
nppari % onilor Up. B Flower of Leononu dponod: 
uppMi idtTlOsa DBdorllr^ • UUnl Job» of the corolli 
/ / itioal ; f f long ilanieiii (raBg.|. 0»ry ; n nctu 
nlai «H]rl*(aimg,), 
onea, so that the flower is didy 




GROUP IT. — PHIKEBOOAUS. 



form a nsnally bi]ocnla.r ovoi^ whicli is sometimes subdivided into 

foor locnli : leaves scattered or opposite decussate, csstipalate ; tlie 
leafy shoots have no terminal flower: the formula ia generallf 

•^ K (5) (C(h) Ah) crs. 

Order 1, Laeiat*. Stamens four, didynamoas (Fig. 215 fl) ; 
rarely, as in Salvia and its allies, only tho two anterior stamens 
are developed ; ovary snbdivided into four chambers, as in the 
Boraginete, which part as the seed ripens into fonr achtenia (Fig, 
215 0) : style lateral : the ovule ia each locnlns is solitary and 
erect : seed without endosperm. Herbs with decussate leaves and 
quadrangular stem. The flowers are disposed apparently in whorls 
round the stem, hnt the inflorescence is in fact made up of com- 
pound cymed or dichasia, termed verticillasters, developed in the 
axil of each of the two opposite leaves. 

Tribe 1. Oeymoideie, Btameua 4, deBceuding. 

Ocymum Baailicam, the Sweet Bseil, from ledia. and Lavandula, the Lavemlei 
from Southern Europe, are CDltivated as potborbs. 

Tribe 3. Mtnihoidea, Stameus 4, equal, ascendiog, divergent : oorolls 
almoet regular, i- or E-lobed. 

Man7 speciea of Uentha, Mint, are common. Several Bpeeiea of Colena, and 
PoBoiteinon PaUhauli, jialding oil of Patchouli, are cultivated. Lycopas has 
only 2 BtamenB, the two poaterior ones being abortiTe. 

TribQ 3. Salureineie. Btamens 4, with broEid conneotive, divergent, ascend- 
ing. 

Origanum valgan ia the Wild Marjoram ; the Sweet Marjorain which is 
caltivated is an exotio species. Thijnmi Serpylluia is the Wild Thj-nie ; the 
Garden Thyme is T. culgarii.itom Soatliem Europe. Salureia horteiui$ (eiotia) 
is the Summer Savory. Various species olCnlamintha (Btamons not divergent) 
are oommen, as also Clijtopiidium valgare (or C. Clinopodium), the Wild Basil. 

Tribe 4. Meliiiinat. Stamens 4, with narrow ooanective, divergent. 

Slelitia officinalii, the Balm, and Hyssopae, the Hyssop, are eultirated as 
potherbs. 

Tribe G. MoauTdeir. Stamens 3, ascending ; one cell ot each anther is either 
wanting or it ie widely separated from the other. 

Salvia verbenatea, the Wild Sage, ia eommon. Roimarinui ojiciaali; the 
common BoBemory, is exotic. 

Tribe 6, Nepelca. Stamens 4, ascending; the posterior two are the 

Ntpela Cataria, the Catmint, ooonrs io hedges ; and Gleehoma hedtracta, the 
Ground Ivy, is very common. 

Tribe 7. Stacbydea. Stamens 4, aacending ; the anterior two are the 
longer ; upper Up o( corolla usually archecl (ringent). 

Lamiunt album, the Cead-Nettle, and purpartum are very common. Various 
spccicB of Galeopais, Stacbys, Marmbium (Horehound), UoUota, McUttii, and 
LeonuruB, are found in England. 
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PAET tl.— TBB CtASsmCiTIOS 0» PLiSTS. 
Tribe 8. SeuuUaria. Stamens 1, ucending: e»tji oloaed wfaeti the frnit 

Id the gEmiu Scutellaria, the snlherB ol the anterior pair o( Etumcni are 
Qnilocnlar; S. galtrictdata, the Common Shnltcap. and S. minor. iLe Lesser 
Slcnlleap, are common. In the genns Prunella each dlaaieut hoa a anmtl tooth 
below the anthers : P. vulgarU is common. 

Triiie 9. Ajugaidta. Stamens 4, ascending ; the posterior two are tho 
■horter ; opper Up ol corolla very short. 

Ajuga Ttptatu, the Creeping Bogie, and T^ucrtuin Seorodoida, the Wood 
Qermander. are eotnmon. 

Order 2. Vebbenacex. Stameas four, didjnamonB, or two : 
OTory 1 or 2-localar, with two ovules in each locnlns, or spnrionsly 
2 or 't-locnlar in couseqaence of the presence of false diEEepiments, 
with one ovule in each loculns : endospertn small or absent : the 
frnit separates into 2-4 eegmeats (achmnia): style terminal: leaves 
nsaally oppoBitc. 

Verbena officinatU, the Terrain, is oommon on waste ground and roadiides : 
r. AabUtia in a oommon garden plant. TecUina graitdu, the Teak-tree ol the 
East Indies, has a bard wood used in ship -building. 

Order 3. Glodulariej;. Stamens four, didynamoos: ovary nni- 
locnlar', with one suspended ovale : style lateral : eeed with en- 
dosperm : leaves scattered, inflorescence capitulate. 

Globularia vtilgarU and cordi/olia with radical leaves oceur here and there 
in diy placea on the Continent. 

Order i. Plahtaoikes. Flowers actinomorphic and apparently 
tetramoroue, bnt the tme interpretation of ttiem is deduced from 
those of Veronica : the posterior 
sepal is suppressed, as also Uie 
post«rior atamen ; the two pos- 
terior petals cohere to form an 
upper lip which is quite similar 
to one of the lobes of the 
tlircc-lobed lower lip; stamens 
tour, the two anterior not being 
suppressed : ovary unilocular or 
spuriously 2— 1-locnlar: ovules 
B solitary and basal, or numerous: 
. , iugn«(m.g.). la Uie f^ij a capsnle with transverse 

aiagrwu, oil Iho upper, aDdtiiheondBr up. ^^ na,.ui.rioo 

dehiscence, or an aclueniuin : 
Beed with endosperm. 

Plantage laneeolala (Ribwort), major, media, the Plantains, are weeds onl' 
mmllj dielrtbutod. The leaves form t, rosette jost above the rooL ani) ii-a 
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long lospea spring from their AiiU bearing Kimpls epikea (Fig. 216 a, d). la 
P. Cynopt, Ftyllium, and others, the main stem iB oloDgated ; tlie testa a< the 
Eeed Ib mucilaginous. la Lilorella lacattrii tbe flowers arc monawiouB; it 
grows on the bottom of shallow waters : fruit l-seeded, indehiaceDt. 

Cohort 2. Personales. Flowers pentamerona. zygomovphic, 
with median aymmetry : Btamens epipetaloua: the poatGrior stamen 
is nsnally abortive, or appears as & staminode : carpels 2, median ; 
ovules UBually indefinite. 

Order 1. ScBOPHnLABLVE*. Ovary biloonlar, with nnmerouH 
anatropous ovales borne on asile placentte : seed with endosperm : 
stamaas four, didynamous, often with a rudimentary fifth posterior 
stamen (Fig. 218 £, it); sometimes only the two latenil stamens 
are present ; rarely all five are fertile: general floral formnla aa in 
Lamiales. 

Sub-order 1. ANTiRRBnntJt. The posterior petals, forming the upper lip of 
the corolla, are usuall; oulaide tbe others in the bud (cochleae aestivation). 

In the genua Teibascmn, the Mullein, the flower is impeifeotlj zygomorphia, 
the 6 Btamens are unequal in length (3 long, 3 short! : V. Thnpiiu, the QreaC 




Meltein, V, Lyehnilii, the White MuUein, and V. nigrum, the Dark Mnllein, 
occur on banlia and waysides. Antirrhinum, the Snapdragon, has a projection 
on the lower tip of the corolla termed Che palate ; the corolla is gibbous at the 
baae ; stamens i (Fig. S18 A B): A, majui, tbe great Snapdragon, is a well- 
known garden plant. linoria has a eporred corolla ; stamens i : L. vulgarU, 
the yellow Toad-Flax, is common in £elds. In Oratiola the two anterior 
staiDeDB are reprenented by stamiuode.s. Patilownia imperiatii is an ornamental 
flowering tree from Japan. Many species of UimuJoe (Mosk), Calceolaria, and 
Fentastemon, are cnltivated. 

Bub'Ordei 2. Rrikinthrx. Corolla with imbricate aistiTatian. Digitalis, 
the Foxglove, has on obliquely campanuJate (digitaliform) corolla ; stamens 4 : 
D. purpurea is common in wooda ; tha yellow D. grandijlora is cultivated. 
Scrophularin has a globolar corolla; S. itodoia (Pigvort) and 5. aqaatica are 
common. Veronica, the Speed-well, has only the 2 laternl stamens, and the 
two lobes of tho upper lip of the (rotate) corolla are united ; tbe posterior lobe 
of the calyi U suppressed {Figs. 218 C, 217 D) : V. Anaoaltii and V. 
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TART IT. — THE OLiBSIFIOATION OF PLANTS. 

Bteeabanga are common in dilahea, V. arventit, agrutU, itrpj/lli/oUa, and 
others m paatturoa and Selds. 

Pedioularis has a 5-tootliod ciilji. and the npper lip of the corolla is galeate ; 
Enphraaia, the E^ebriglit, has » 4-tool.hed oalji, the apper lip of the corolla has 
two Bpieadiag or refleied lobea ; Bartaia has a l-toothed calji. the upper Up o{ 
tba riagent corolla is entire oi only notohed: Bhinanthns, the Battle, haa a 




Fio. iM 


-FlOB 


ra 


St-rnplmlarinem. 


x 


Antirr 


Bi!)b0B,a 


thel»B 


W 


onppor; . 




Up 


ottbe 


B Dpper t 


potU 


samo, soon from 


Wilhl 




Ibotm 


IMeralm 






nlorypoito 






CFlOB 


Uireolobog 


OftbB 


ower 


llpiothol 


bca nrpD 


Up:< 




lUinl ■UmBDi; nstigma. 

l-toothed inflated calji: Uelampfrum baa a 4-toothed tubular ealji, and tbe 
capsule ia lov-ee^ded : all these plants possess chloropli}'!!, but thsy are more or 
less parasitic opon the roots o( other plants. Lathraa iquaiaaria does not 
possess chloropbj'Il : it is of a pale rose colour, with alightl; bluish flowers; it 
is parasitic on the roots of trees, espeelall; of the Hazel. 

Order 2. BiONOKiAC&fi. Stmnens generallj four, didynamoua : 
seeds iiBnally winged, nithoat endosperm. Woody plunte or 
climbers. 

Catalpa liigwnioida is an anumsntal tree (rom Ifortb America. 

Order 3. Acaitthacex. Stamens fonr, didjmamonB : ovules fen 
on projecting placenta ; seed without endosperm. Herbs, 

AeanUM ntoUit and other species from Southern Europe, are omotDenlal 

Order 4. Gesneracgx. Stamens nsnally fonr, didynamons, or 
^omctimps two only : ovary nnilocnlar, with nnmerons parietal 
othIob. Generally lierlis with opposite leaves. 

Columnta Sehitdiana, Acbimenes, Lig^na, and others are ornamental plants 
trom tti>pical Ajneriea. 
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Order 5. OEOnANCHES. Plants which are parasitic on tlie roots of 
other plants, deatitnto of chlorophyll, with Bcalea instead of leaves, 
otherwise similar to iho foregoing. 



Order 6. Lentipulabieji. Only the two anterior stamens aro 



numerous on a, free central 
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developed (Pig. 217 0) : ovule, 
placenta: seed without endosperm. 

The atuneraoa speciea of UtiioulaHa 
ara floating water-plants with finely 
<livicIod leavei bearing blailder-lika 
appeadages whioh Bcrve to catob Bmall 
aqnatic animals (Fig. 219). Pinguicvia 
vulgarit and alpina (Butterwarts) ore 
small plants with rosettea of ladicol 
loaves growing in damp places. 

Cohort 3. Polemoniales. 

Flowers actinoroorphic, or if zygo- , 

morphic, not so in the median ' 

plane: flowers pentamerons : sta- '".tmp.i.onMaMman^ag.,. 

mens epipotalouB : ovary of two, rarely five, carpels: leaves usn ally 

scattered and exstipulate : the inlioresccnce is often cymose, with a 

terminal flower : formula £(5) (0(5) .^5) (3« to {'-). 

Order 1. CoNvoLVTitACE*. Usually two median oarpels forming 
a bilocnlar ovary, with 1-2 anatropons ovules in each loculus : the 
corolla has usually a contorted a-ativation, twisted to the right : 
fruit a septifragal capsule or a berry: seed with endosperm. 
Commonly climbing plants with milky juice, 

Convolvulai arcfntia, ibe lesser Bindweed, and Calj/itegia Mjrium, the larger 
Bindweed, the former with small biaotB, the latter with large braotswhiohinTeBt 
the calyx, are common wild plants. Batalat eduUi it coltiTated in tropical 
America for its edible taberoue rhizome, tbe sweet potato- 
Order 2. Cdscutes. Parasites destitnta of chlorophyll, with 
filiform stems, which attach themselves to other plants by means of 
roots, and derive their nourishment from them : the small flowers 
are arranged in fascicles (Fig. 220 b) : the corolla has imbricate 
(estivation : fruit a capsule with transverse dehiscence. 

Ctueuta airopaa, the greater Dodder, which aeoors oommonly on Mettles and 
Hops, is wtdel; dietribnted : C. tpilinum is tbe Flax Dodder, and C. epithymwn, 
tbe lesser Dodder, oeoaie on varions law-growing plants snoh aa CIotbt, wbioh 
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Order 3. Polemoniacbj. Ova.vy trimeroua and trilocnlar, with 
one erect or Bcreral oblique ovules in each loonlna; capeulc locnli- 
cidal. Mostly herbs without milky jaice. 

PoUnumiura caTvUunt Ib Jacob's ladder ; various Bpedes of Phlox ue oommon 
garden plants. 

Order 4. SoLANiCE*. Ovary consisting of two obliquely placed 
oarpels, bilocular, with numerons ovnlea attached to the septnm ; 
the acptnm HOmetimes projects so far into the cells that the ovary 
appears to be qnadril ocular, as in Datura : ovules campy lotropouB ; 
fmit a capanle with various dehiscence, or a berry: seed with 
endosperm. Herbs, occasionally woody plants, witbout milky joice. 
Inflorescence cymose, bnt complicated by the displacement of the 




Tis. ttl.—A trppor ponion of a flaweriae itDra o( Atnpa Billodoana. B Dii^nra at tbo 
nice itaDi M 1 S tbo flomn ; a and p the bnuiIeo1«a and bmeta. PrDm Ihs aiili of fi 
fprlng the atnr Qoml uee, alDDg ichlcb ihc bntct p u diipluBd. 

bracts. Fig. 221 B, for instance, is a diagram of tJie inflorescence 
of Atropa ; the main axis which terminates with the flower 1, bears 
a, bractcole la and a lateral shoot terminating in the flower 2 ; this 
springs from the asil of a bract IjS, whicli, however, is not inserted 
at the base of its axillary shoot (the point of the arrow indicates 
its proper position), bnt is displaced npwards nntil it is close nnder 
the bractcole 2a; this displacement is repeated throughoat the 
whole system of the cyme, so that in Atropa there are always two 



)w each flower, a larger one (Fig. 221 A la, 2a, and bo on), 
which is the bracteole of the flower, and a amaller one (Fig. 221 A 
0/3, 1^, 2/3, etc.), which is the bract from the axil of which the 
flowering-ehoot springe. In other of the Solanete similar arrange- 
ments are fonnd. Most plants of this order are poiaonons. 

Tribe 1. Salaneis. Frait a berry. In Ihe genua Solanam tha antben us 
sjTjgeDeaioQS : S. Dtilcamara, the Bittersweet or Woody Nightahide, hu s blue 
flover, and :S. nijTnim b&B a wMte flower ; both are commoa: 8. tubtroium ia 
the Potato-plant. Fhyiali> Alkekengi, the Winter Cherry, has an infated red 
catyi which encloses the berry. Lyeoperticum eiealentam ia the Tomato. The 
fmita ol Capticam Umgiim and annaam are known as Chili Peppers. Atropa 
Belladonna it the DehiUy Nigbtsbado; the antherg are not sj'ngeneeioaa, and 
the corolla is campanlllate ; the berries are black and very polaonona. Lyeiim 
baThanim is a ahmb belonging to Southern Europe whtoh baa become wild in 
places in the Xorth. 

Tribe a. Hicotianea. Fmit a 2-TalTed locnlicidal eapanle. 

Nicotians Tabaeum is the Tobacco plant (Fig. 138 B). Petunia ia oominonly 
cnltiratGd. 

Tribe 3. Dauirctt, Capsule almost qaadrilocnlar in eonaequence ol the out- 
growth of the Beptom, i-valved. 

Datura Stramonium ia the Tbom-apple. 

Tribe t. Byoicyame/c. Capsnle dehiaces tranarerselj. 

Hyoicyamiu niger ia th 

Order 5. Abperifolij; (Bo- li_ 
RAGINEX). Ovary conKisting 
of two median carpels, 
eporionaly qnadrilocular in 
consequence of a constriction 
along the dorsal enture of 
each carpel (Fig. 222 C,r): 
the single style arises from 
the incurved apices of the 
carpels, and is surronnded at 
ita base by the fonr locnli ) 
(Pig. 222 B): each locnlns ' 
contains a single easpended 
anatropons ovule : when the 
fruit is ripe the loouli separate completely, and appear to be fonr 
achfenia : seed without endosperm : the corolla usually has four 
scaly lignlar appendages at tlie junction of the limb with the tube 
(Fig. 222 6) : inflorescence cymose, Ecorpioid and often very com- 
plicated. Herbs or shmbs generally covered with harsh hairs and 
only rarely glabrous, e.g., Mijosotis palvttrii. 
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ili PAST IV. — THE CLiSatnOATION OF PLANTS. 

SulMiider 1. EHBETomsz. Style ftt the apex at the ovary. 

Beliotropium pemvianwa, B well-kuown garden plant with fragTBQt flowers. 

Sub-Older 3. BoiuaiiioiDiai. Style inserted between the four lodtdi. 

MjoBotis IB the Soorpion-grftaa ; it. palaitrii, the Forget -mo- no I, oocnis in 
damp places, Jlf. iglvatUa in woods, and M. arv<fnrii and others iu fields. 
Li(/ia»pfrBiun( arvtnit (Gromwell), L. ogtcinalt, Bchiam vulgare (Viper's Bugloss), 
Lycopiii arceniia (Common BuglosB), Cynogloiium officinale (Hound's-toDgueJ, 
ore common weeds. Borago officinalit is the Borage. Anchuia officinalit, the 
Alkoaet, ia rare. 

Cohort 4, Gentianales. Flowera actmoroorphic : perianth and 
(indrtBcium usually 4- or 5-meroo8 : corolla with frequently contorted 
033tivation (to the right) : stanieni) ineerted 
on the tube of the corolla : carpels two : 
leaves commonly decussate and ezstipolate : 
formula X(5) (C{^) A5) G'^. 

Order 1. GeimANEi;. Carpels perfectly 
connate, forming a uni- or hilocular ovary: 
ovnlea parietal, numerous, anatropons: seed 
D of En,, ^j^ij endoBperra. Usually herbs without 
nilky juice: leaves almost always entire. 
Sub-order 1. Oisths^s.. Leaves decussate : cocoUa with eontorted tegli- 




8ab-oider2. Mkntuitiiks. Leaves spiral: ooroUa with valvate teitiiation. 
Mtnyantha trifoliata, the Buekbeau, with Uimate leaves, is aommon in 
aucsbei. 

Order 2. LoOANUCBa. Corolla with usually valvate testivation. 
Ovary 2-4-Iociilar, each locnlus containing one or several ovules : 
seed with endosperm (Fig. 157 A). Mostly trees with opposite and 
naually exstipulate leaves. 

SemtA Strythni or Nux vomica, the seed ol Slryehaai Nax vomica m the Eul 
Indies, is eitremeljr poisonous. The South American Indians poison their arrowB 
with the lap ot the oortox o( Slr^cbnoi guyantniii, under the name of Curati). 

Order 3. Apoctnes. Corolla with contorted sBstivation. The 
two carpola are usually connate only by their styles, which beoome 
free as they ripcu: seed usual Ij devoid of endosperm. Herbs or 
ahmbs with milky juice. 

NfHam Oltander is on omjunento] shrub. Vinea miiMr ud Otbel tpeoies. the 
Periwinkles, are commoa oieeping plants, wild and in eordeni. 
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Order 4. Asclepudes. Corolla with BSnally imbricate aesti- 
vation. The two carpels uBaally form two distinct i 
ovaries: Btylea short, tmited into one stigma: 
forming a tnbe snrrotmding the gyncecinm, having ponch-shaped 
(Fig. 224 S, () and spnr-ahapod (Fig. 224 B, k) appendages: 
ftnthers 2-4-Iocnlar; the pollen 
of each sac forms a mass (pol- 
lininm), and the masses of each 
pair of contignons sacs adhero 
(Fig. 224 0,p,p} and are con- 
veyed by insects to the stig- 
mas : ovnloB nnmorons, at- 
tached to the ventral sntoro; 
seed usually without endo- 
sperm. Generally woody 
plants, often climbers with 
milky juice. 

AicUpitu $yTiaca and other Epeoiea 
are grown in gardans, also Hoya can 
cactas-like atem. 

Order 5. Oleacem. Calyx and corolla usoally 4-merons, some- 
times wanting; corolla with valvateajstivation: stamens and carpels 
2, alternate : ovary bilocnlar : ovules, 2 in each loculns, suspended 
and anatropons : fruit a capsule, a berry, or a drupe : seed Trith 
endosperm; stem woody: leaves always dei^ussate. 
Frait a berry or a dmpe. 




a tlio viUuir. C P 
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Lignstmni haa a baccate (rait ; L. vulgare, tbe PriTet, ia a oommon Bhrnb. 
Olea has a dmp»ceouB fruit; O. luTofom is the OUce-troe of the East and of 
Sonthern Eniope. 

Sub-order 2. Fbixinea. Fruit a capsule, or winged and mtlehiscent (samara). 

The genus Fraiinua baa a winged froit ; in F. txceliior, the common Aah, the 
perianth ia suppreflaed and the flowers are poljgamooa ; in F. Ornui, the Manna 
Ash of Sontbern Europe, the perianth is complete, aod the corolla is deeply cleft 
(Fig. 22a d). The fmit of the genua Bjringa is a 3-Talred capsule; theUmbof 
the corolla ia 1-Iobed ; S. milgarii ia the Lilac. 

Order 6. JasHises. Calyi and corolla, 4-5-rQerona ; corolla irith 
imbricate Estivation; stamens and carpels 2, alternate: ovary 
bilocnlar: omlea, 2 in each localBS, erect, anatropoos; fruit a 
capsule or a berty : seed 'withisnt endosperm. Shmbs, often climb- 
ing, with scattered leaves. 

The Bowed oUatittinum grandiflaniin and other species belonging taScathera 
Borope contain a ver; fragract ethereal oil. 

Cohort 5, Ebenales. Flowers actiaomorphic, 4-8-meroits; 
formula often K(i) (7(4) Ai + 4, C-*', the oater stamens being 
sometimes Hiippresaod: stamens epipetalous. carpola opposite to the 
sepals: ovaiy raaltUooular, with one or two suspended ovules in 
eachlocalos: fruit nsn ally flea hy 

Order 1, Sapote*:. Tropical trees with milky juice. 

Itonandra Gutia, an East Indian tree, pelds Qntta-peicha. 

Order 2. Ebenacei. Treca ; flowers generally diclinoos. 

Dioipyrot Eiinam in the East Indies yields the wood known as Ebony. 

Order 3. SrTBACEfi. Flowers porigynona or epigynous ; trees. 

Qum Benzoin is the resin of Slyrax Bejuoin in the East Indies. 

Cohort 6. Primulales. Flowers nctinoraorphic, usually pen- 
tameroos: formula ff(5) (0(5) AQ + 5) Q^t stamens iDEcrt«d on 
the tube of the corolla and opposite to its loljea : ovary consisting 
of five connate carpels which are opposite to the sepals, nnilocnlar, 
with a free central placenta or a single central ovnlo. 

Order 1. Pkimulace*. Style single ; ovules indefinite, on a (roe 
central placenta (Fig. 148 Q) : the corolla is gamopetalons, tubular 
below, expanding above into a S-lobed limb which is wanting only in 
Glaax: the nnthers (Fig. 220 a) are adnate to the tube of the corolla 
and are opposite to its lobes ; this position of the sttimens is ex- 
plained by supposing that an outer whorl of stamens (which is 
represented in the following order by petaloid starainodes) ia hare 
Bappreued : fruit a capsule. Herboceona planta with consfnoiuras 
flowera. 
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The gcnns Frimnla has a, G-valied debjuent cspsalo, and a S-clcft calji. 
Primula iluCior and P. verii nre the OxUp and the Cowslip ; the; aro remark- 
ablo in that the; are heteroetyled ; that is, that in somo HovterB (Pig. 226 B) tho 
style is as long as the tube of the corolla, and the atamens are situated at aboat 
hall the height, whereas in others (Fig. 226 A) the stjle is aaij half the length 
and the anthers aro inserted in the throat of the corolla : fertilisation onlj takes 
place when the pollen of the anthers nhicb correspond in their position to the 
length of the styles is appUed to their etigmaa, Tho capsule ol A.nagaUit 
ameniii, the Pimpernel, dehisces transverscl; (pyiidium). Cyclamen turopirum, 
the Sow-bread, has an anderground tnbur ; the lobes of the corolla are reSeied. 
Lyeimachia has a deeply S-cluft calyx. Triontalia has usually a 7-meioiu 
flower. 

Order 2. Mtrsinei. These plants differ from tho preceding in 
that the frait is baccate and the stem woody. 
Aidisia, vith red berries, is a well-known ornamental plant. 




Pio. 120.— Dimorphic Bowt 
I) Loag-itylod farm i li eal j: 
ilisgnUB at Piimnla. 

Order 3. Plumbaoikej:. Styles five : thei-e is a ainglo basal ovule 
in the cavity of tho ovary; flowerB often small, in dense inflores- 
cences with numerous bracts. 

Id the genus Aimeria the flowers are in oapitnla, which are Enrronnded by am 
involucre formed ol tho lower scarions bracts ; A. valgarii, the Thrift, occars on 
aandy soils. Statice, with one-sided spikes, occurs on sand; eea-ahoies. Plum- 
bsgo occms in Southern Europe and in tho East Indies. 

Cohort?. Ericales. Flowers 4-5-merons, actinomoi-phic : sta- 
mons usually in two whorls, and usually hypogyaous : carpels 
oppowte to the petals: formula K(a) C(n) ^n-t-n j (?(n), where 
n = 4 or 5: ovary superior or inferior, mul til ocular, with large 
projecting nxile placentn: seed with endosperm: anthers usually 
appcndiculate. 
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Order 1, Ebicacei. Anthers generally opening by two pores at 
the top (Fig. 22? A), fornishcd with appendages : fmit a locolicidtU 
capsule, or fleshy. 

The geaua EricQ haaa4-1abedcarallaBnilalociilicidalcapBi]]e: Eriat eintrea, 
Tetralix, and Cailuna vulgarii, the common Heath or IJng, occur on heaths 
KDd moora. Arclottaphyioi Uva Vriiii the Bearbenji ita fruit is a ben;. 
ArbuCut Dtudo, the so-called Strawberry-tree > belongs to Southern Europe, 

Order 2. EpacR[De<g. The whorl of etamons opposite the petals 
ifl nanally wanting: the onthera open by one fisanro only. Aostra- 
lian pltinta. 

Order 3. RiiODORACEs. The anthers nsually open by two apical 
porcB, and have no appendages : fruit a septicidal capsule. 

Eluidodendron femigitieuin and haViuIuin, the Alpine BoBe, ore wild on the 
Continent; other apeoies of fihododendroD and Azalea from India and the 
southem shorea ol the Bluk Sea wta OQltivaUd. 




Fig. W.—A Flowsr of Erin: i ptdloali k cals^; o ooroll 
rirabi rnlm^iiba ; • podlcelg tcalrx; ftroit, Ibe locoll of whlcli alUinuta with tlw Boivkl* ; 
gitjrlB; nitigoi*. C FlonororVuccMiunNvrliniu.' fortty (iaf«iior)i tcalfi; ccwoUa. 
Flont dlBcnm ol Erioa ; the ■laiUBDi oppoilW lo Cbe poMli uo [nliilJ; ihAded. 

Order 4. PtiiOi,j\CE«. Sepals more or leas distinct : petals com- 
monly connate at the base only: anthers without appendages, 
generally dehiscing transversely or by pores; fmit a loculioidal 
capsule; seed minute, with an eitremely small embiyo, consistiiig 
of only a few cells and a relatively massive integument. Sapro- 
phytes containing chlorophyll. 

pyTolarotuJtdifolia,itcunda,initter,aai unifiora, the Wintci-greens, oreloand 

Order 5. Monotropej:. Saprophytes devoid of chlorophyll, with 
scale-like leaves, otherwise resembling tho Pyrolaceie. 
MoHotrupa nypopityt. the Siid's-ccBl. is nol vety oommou in Enetind. 



Order 6. ViccisiES. Ovary inferior (Fig. 227 0) : anthers w 
appeindages (Fig, 141 B), nsnally opening by two pores: fmit a 

Vaceinium Vilit-Idaa te tbe red ■Whortlebairy or Cowberry; it usually 
blossoms and bens bnit twice in tba jeax. F. JHyrtillui is tbe Bilbeny or 
WhorllobBrrji nilh decidaons leaves. V. Oxyeoccot, the Cranberry, and V. 
tUiginomm, the great Bilberry, arc low ahrubs occurring on moon. 

SERIES n. BPTGTN£. 
Ovary inferior. 

Cohort 1. Campanales. Flowers actinomorphic or zygomorphic, 
pentamerons : ecpals leafy and narrow: etitmetis nsnally free from 
the corolla, tnt often connate : ovary of two to five carpels, inferior; 
formnla E(b) C{6) ^(5) (5^ to (sj. 

Order 1. Campanclaces. Flowers nsnally actinomorphic : eta- 
mens five, often connate at the base: ovary nsnally trilocnlar, with 
nnmcrOQB ovnies; placentation aidle : fruit a capsule: seed with 
endosperm. Mostly herba with milky jnico. 




II » sUgmM (mBg.l. 

Campanula rotundifoHa, tbe Hare-belt, glamrrata, and other species are com- 
mon in fielils, on heaths, etc. etc.: C. media is the Canterbury-bell cultiTSted 
in gardeua. Fhytetima orbicalare, ipieatum, tbe Bampioaa, are iodigenouB in 
parts of England; the flowers are la aapitula, aod the calyx is deeply S-c left 
with spreading teeth : nearly allied is tbe goDus Jasione ; J. monfuna, the Sheep's- 
Lit. is oommon in England. Bpecnlarls has a rotate corolla; S. ipiculum, 
Venus 'a Looking-glass, ia cultivated. 

Order 2. Lobeliaces. Flowora zygomorphic (Fig. 230) : the 
corolla commonly forma a tnlw which is more or less cleft on one 
side-, and the limb ia divided into two lips, the lower one consisting 
of three lobes (Fig, 230 A, w) and the upper of two smaller ones 
(Fig. 230 A, o) : at their first formation the position of these parts 



I 
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is exactly the reverse, but 
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the course of development the pedicel 
undergoes torsion, so that those 
parts which are origioally pos- 
terior become anterior, and we 
versa : anthers syngenesions 
{'Fig.2S0B,sr) and nneqnal in 
consequence of the zygomor- 
phic structure of the flower: 
ovary 1, 2, or 3-locuIar, with 
namorons anatropons ovules: 
frnit a capsnle : seed with en- 
I dosperm. Herbs or shrubs 
' nsnally with a milky jnice. 

L. DoTtmanni, the Water Lobelia. 
Borne ports of England. 

inconapicnons, often wanting: 
stamena epipetalona, alternat- 
ing with the segments of the 
corolla: ovary nnilocatar.ovolo 
solitary. 

Order 1. Valerianks. 
Flowers zygomorphio or ir- 
regular, originally pcntamer- 
oub: calyx wanting, or some- 
times assnming the form of a 
hairy corona of ten rays, called 
a pappus, which is not de- 
veloped until after flowering 
(Pig, 231 D,p), during flower- 
ing it remains short and in- 
folded (Fig. 231 A, it): only 
three stamens are nsnally de- 
veloped : carpels three, form- 
ing a trilocnlar ovary, of which, 
however, never more than one 
locnlns devclopes ; ovule single, 
suspended (Diagram A, Pig. 
innT/231): seed without endo- 
ppn.. Fiomi dugr«m.."™f ^perm : leaves decussate, ex- 

irentTBDibiu. stipulate. 
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VaUriarta ojficinalii, nnd diiiica, are common in damp plaeeB. Talerianella 
bBB B tootiied c&l;x-limb; man; Epecies are common infislilB; Valeriantlla 
olitoria. Comaalact. or Lamb's lettnce, ia eaten. Centranlhut ruber is an oma- 
mantal plant ; onlj one stamen and one ca>rpel are developed (Fig. 231. Diagram 
B) ; at the base of the tnbe of the corolla ia a spur vhlch is indicated in 
Taleriana bj a protuberance- 
Order 2. DiPSACEi. Flower originally pentamerous, and sur- 
rounded by an epicalyi (Fij, 232 k") formed of connate bracteoloa r 
calyx oft«a plumose or bristly (Fig. 232 k): corolla bilabiate: 
stamens only four, the posterior oae being' Bnppreaaed; ovary 
onilocnlar, mth one anspended ovule : seed with endosperm : leaves 
decnssate, exstipalate : flowers in a dense capitulum aurronnded by 
an involucre : the outer florets are usually lignlate : the receptacle 
may or may not bear scaly bracteolea : fruit invested by the epicalyi 
which ia cleft longitudinally. 

DipsacoB, tlie Teazle, bai a calj^ nitbont brietleBj the capitnla ot Dfpiaau 
Fullonum ore used in finishing woollen olotb, (or the Eake of the strong hooked 
spines ol the braoteoles : D. lilvatrit is common on noEte ground. 8cabiosa hu 
paleoi, and the projecting limb ot tho epicalyz is dc; ; 5. Columbaria u common 
in pastures. In Bucoisa the limb of tho epiEoljx is hetboceouB; S.pratejuu 
oflcnTH in damp meadows. EnRntia has polen ; epical;! entire ; K. anmnM ia 
a in fields. 



Orders. Composite:. The flowers are always collected into many- 
flowered capitula (sometimes only 1-flowered) : in the same head, 
hermaphrodite, female, and asexual flowers generally occur: ovary 
inferior, unilocular, with a basal, erect, anatropous ovale ; the calyx 
is rarely present in the form of small leavosor scales (Fig. 235 U,y); 
more commonly it is a crown of simple or branched hairs (Figs. 233 
p, and 235 A, E, p), and is not developed till after the flowering is 
over ; it ia termed the pappus : sometimes the calyx ia wholly want- 
ing : corolla tubular, either regular, and 5-toothed (Figs. 233 A, «, 
235 C, VI, e), or expanded at tho npper end- into a lateral limb with 
3 or 5 teeth (Figs. 233 B, 235 B, ra), (Fig. 235 A, c), when it is 
said to be ligulate: the stamens are short, inserted upon the corolla 
(Fig. 233 A, si) ; the anthers are elongated and syngenesions, 
forming a tube through which the fityle passes (Figs. 233 A, a, 235 
A, a) : this ia bifid at its upper end (Figs. 233 A, n, 235 AimdOn): 
on each of these branches the stigmatic papilloa are arranged in two 
rows; in the wholly female flowers the styles are nan ally shorter 
(Fig. 233 B, j) : fruit an inferior achene (cypsela), crowned by 
the pappus (Fig. 235 E and P,p) when it is present (Fig. 235 F,/) 
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sometimea the &iiit has its apper end prolonged into a beak, and its 
Bnrfitce is covered with ridges or spines (Fig. 235 E, A) : seed with- 
ont endosperm. 

TJsnally herbs with scattered (more rarely decnssato), eistipalate 
leaves, often with milky juice. The capitalii are always snrrotinded 
by a number of bracts forming an involncre {Pig- 235 D, i). The 
scaly bracteoles of the individual florets (paleie) may be present or 
wanting (Fig. 235 C, d). 

The CompoBitiB are classifled according to tlio farm of the Soivers 
and to the diBtribution of the sexes in the inflorescence. 




Fia. 133,— Floner o! 
BcaUou (amg.) : / onxy , 
iC eplcalyx (long. «eol.) 
k otijx : t Gorolls ; it M& 



Bob-order 1. TonuLiTLonjE, The CApitula either canuat entirely of henuk- 
phradito tabolu florets (b; tubular flowers are meant tbosa mtb a regalar 
6-tootbod corolla) or the central Qoreta (Qorela ol tho dice) are tubular and 
hennaphrodilo (Fig. 233 A), whereas tho Itoiels oi the ra? are ligulalo and femalu 

r or aaeiua), and form one or two rows {Figs. 233 B, S3o D. ra). 

k Tribe 1. Bupatoriea. Leaves moBU; opposite: flowers aU tubular, bentiA- 

I phiodite ; the branohes oI at;la narrow* ; papilla extending to the middle. 

I Eupatoriutn Cannabinum, the Bemp Agnnionj>, ie eotnmon in damp places. 

I Tribe 2, Tuttilaginea. Leaves altomate, radical : ray-Qorota lemale, aomo- 

I times iigulate : the branches of tbc atylo are bifid at tbe tips. 

H Fttaiitei vulgarii, the Butter-bur. and Tmiilago Far/ara, the Coll's-Ioot, ora 



nib«S. Aiteroidetc. Leavei oltamftta: rkj-floretafemaleorneDter, senanlljr 
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ligaUte : biaucliea of the style hauy above, papills eitonding to where the h^n 
begin. Hanj speoies ol Aster, belongiue chiefly to North Ametics. ere coltirated 
aa ornamental plants, as also CallUlepha* ChiRmiU, oolcmoni; kaoim as the 
China Aster. Erigiron ocri', alpitnu snd eanadtmit occur iu England; the 
last is an imported weed. Bellii perennit, the Dais;, ia uniTersoI. Bolidego ia 
the Qotdcn Bod. 

Tribe 4. Sentciotiidea. Leaves altcTQate: ray-Goicia in one row, ligolatc, 
female, cajrel; absent : branches of the stjlo tufted at the tips. 

Senrcio vulgaTu, the OronndBel, is nnivfraal as a tread. Arnica montana 
oocnxB in Alpioo woods. Tvo ipeciea of Doronicnm have become natm'ahzed in 
England. 




Pio. 


Mi.-FIowori of Composltoi . / trolt 


arom7;hiUbMk 


:p pappus ic 


corolla ■ ■ 




11 1 n sll^nuu. A UedIuo flower ot Tb 




iiodcoroUa-Utob. norma- 


plitoaiw. B CapltoJnni of AcWUra (mug.l 


iiToflorolottborai. 


«itb litpiLW 


a. toothed 




I. female: m bannKphrodtto florali of 


Iho fliBC, with ■ S-to 




iDVola 




igblTDBgnifliid: rrei 




-olnOTB! d 


bncte 


olci 0»I«i)! ra floret of tho niyi n 


aoret of the diso; n' 


' MlBmw of t 


ha female 


flower 




ily pappiu. £ Of Taraiacnm, wit 


ha boiiT 


pnppn, 


1. rOfArtrml»lii.wltboutiipappia< 


mug.). 







Tribe 5. Anihemidtit. Leaves alternate ; Taf-Sorets female, lignlate or tnbn- 
lar : branchea of style tnfled at the tips : pappus 0. or minute. 

ATtevtitia Ahtyathium, Wormn'ooJ, i. vulgaris and eampettrii are common; 
ChTyiantkevmm Leueonthemiim, the Oi-eje Daisy, is common !u fields. Matri- 
caria ChaittomiUa, the WQd Chamomile, has a hollow conical reoeptacle 
deatitate of pales. Anthemi* nobilit, tho Common Chamomile, has a receptacle 
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IwaTiiig paleiB, us bIeo A. arveiuii, the Cam Chamomile. Achillea Millc/alium 
u the Milfoil. Tanaetlam vatgare ia the Tuib;. 

Tribe 6, Btlianthrit. LeaTos opposito : tAj-Roieta or ligulats, jallow, 
f«m&Ioari)euter: bmocboB ot atyle as in Aateroideec. Biduna is eommon in 
wet pIaoe«. QftliDSogB ia Daturalized in England. 

HtUanthtti annum ia the SunfloweT : oil U eitrooted from the eceda: the 
tabera ot U, luberoiiu, a West Indian speciea, are rich in inulin, and Eecve oa a 
Tegetable and for fodder (Jenwaieoi Articboltea]. 

Tribe 7. Intilra. Leavea alternate: iny-florola ligolate, femalo, yellow: 
bianobea ot etyle as in Aateroideie. 

Inula Btltniam is the Elecampane. 

Tribe 8. Cynarea. Flowers all tubular, the onter ones sometimes teinale or 
neuter :] atyle thickened below the branches : leaves generally armed with 
epines, alternate. 

Arciium Lappa, the Bnrdock, ia common by roadsides; the leaves ol the 
involucre are hooked and Epinoua. Carduiu nutant and cricpiu ore common 
(true) Thietlea ; Carduut [Cirilun) iatutolat-iu, paluifrii, prateniii (Flame- 
thistles), arc common in damp districts. Carliiia vulgariM is the Cailine; the 
inner leaves of the involncre, which are white, fold over the flower head under 
the influence of moisture, bat in drought spread widely open. Centaurea 
Stabiaia and mgra, the Enapwcada, are common everywhere. C. Cyamu ia the 
Oom-flower or Blue-hottle, occurring in wheat fields. Cynara Scolymat ia the 
Artichoke: the flower-buda are eaten as a vegetable. GaTtkaiKoa tinetoria, the 
Safflower. ia used in dyeing. In Echinops, the Globe-Thistle (eiotic), numeroiu 
one-flowered capitula ate collected into one large spherical bead. 

Tribe 9- Qnaphalifa. Leaves altemale, entire: bracts ocaiious: flowen &11 
tnbalar, the outer ones female : branches of style papilloao at the tips. 

In Gnaphalium, the Cud-weed, and in Fitago. the capitula contain female and 
hermaphrodite flowera, bnt in Antennaria, the Eicrlastiog, the flowers are 

Bnb-order 3. hi.mt.tm.QVJi. The hennaphrodito florets have a bilabiate 
oorolla : the male and female florets have a tigulale otabilabiato corolla. South 
American. 

Sub-order 3. Lkiulifloh^ (CicnopucB^B). All the Qoteta are hcrmaphrodile ; 
limb of the corolla 5-loolhed and ligulato (Fig- 235 A). 

Taraxacttm officinale, the Dandelion, is the, commonest of wild flowera. 
Lactiiea lativa is the Lettuce. L. Scarioln, iiiroia, and others, are conunou 
in waaUi places. Scorionera hiipaniea ia eaten as a vegetable. Tragopogm 
jMrrl/oIium, the Salsafy. and T. prateniii, the Goal'a beard, are commoii. 
CiehoHimi Intybui.the Chicory, is found by roadsides: the roasted roota am 
mixed with Coffee: C. endivia (Endive) ii a vegetable. To this group belong 
also the genera Hicraoium, Bonohus, Crepia, Lapaano. 

Cohort 3. Rubiales. Leaves generally opposite: caljrx 
generally present and incited : stamens epipetalons, altemiLte with 
the segmentB of the corolla ; ovary 2-8-1ocuIar, ovules 2 — oc. 

Order 1. Bubiacex. Flowers actinomorpluc, 4- or S-meroas : 
Oftlyx leafy or suppressed : corolla with valvato estivation ; ovdj^ 
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1- or 2-Ioenlar, consisting of two carpels, 1- or many-seeded ; seed 
uBnally containing endosperm : leaves decussate, stipolate : Btipnlee 
similar to the true leaves (Fig. 236 A, nn): the true leaves are 
distinguished by the branehes which arise in their axils (Fig. 236 
AJf, * b). 

Snb-oraerl. Stbllmje;. Blipnles large mS leafy: loculi 1- seeded. 

Quliam, Bedstraw, has n rotate coloIU aoi ui inooDspicuons calji, usnally 
tetramcrons : O. ceruni, ilollugo, Aparine, and others are common in hedges 
and pnstures. ABporola has an infundiltulifoim corollA, but in other reapeots 
the flower resemblda that of Qalium) A. odoraia,lhe Wood -raff, is common. 
Rvbia tinctorum, the dyer's Madder, has a pfintamerouB flower, a rolato oaroUa, 
and a baccate [rnit i it 
is osed in dyeing and 
largely ooltiTited ; it is 
indigenous in Southern 
Europe and tba En^t ; 
it is closely allied to 
the Britiah spec tea It. 
paigrina, the Wild Mad- 
der. Sherardia baj a 
conspicuoQS caljx ; S. 
ttrvtiuii, the Field Mad- 
der, is found in ealti- 
vated and waste places. 

Sab-ordec 2. CoFrni- 
CEA. Stipules scaly : 
loauli 1 -seeded. 



C<drea 



rabico, the 




Cofice-tree of Africa, ia i 
grown in the tropics ; 
the fruit, a berry, con- 
tains one or two seeds \ 
the so-called ooflce-be&n 
is the seed which oon- 
siats of endosperm and ' 
contains a email embryo. 
Cephaelis yields Ipoca- , 
ohunna. 

Bub-order 3. Cinchonex. Stipules scaly: tocuU many-seeded. 

VariDUB species of Cinchona, iodigecous to tba eastern slopes of the Andes, 
but coliivated in Java and the East Indies, yield the cincbooA-buk Irom whioh 
Qoinine is prepared. 

Order 2. Capuifoliace*. Flowers usually pentamerons, acUno- 
morphic or zygomorphic : corolla, nsnally with imbricate estiva- 
tion ; ovary 2-5-locnlar : ovolea suspended : fmit baccate ; seed 
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with endosperm : leaves opposite, usaally esstipolate. Mostly 
trees or shmbs. 

Tribe I. SambuceiE. Corolla rotate, nsoallj aotiaomorpbic ; one ovule in 
eMb locBlits. 

SambucDB, the Elder, has a 5-partite corolla, and 3-5 BeadBlutbe beny; 
S. nisra is the Elder. Tibumam lias a G-pnrtite corolla, and 1 seed in tbe 
beny ; V, Lantana and V. op-uliu, the Guelder Roao, are common ; a foitn of 
the lastspecioa ia oallivated, in which all tho flowers (andnot merely those at the 
ciroTunlereneo of the corymb as in the original species) have large corollas, and 
are barren. Aioxa motehatelUna ia a snmll plant occurring in damp woods ; 
tbe stamens are branched. 

Tribe2. Loniccrea. Corolla tubular, usually zygomorphic: locnli containing 
several oTales. 

Iionioera, tbe Honoy-suokle, has a-S-Iocolar ovary ; L. Caprifatium and Peri- 
clymmtim, with a climbing stem, are well-known garden shmbs ; in many species 
the Iruit of two adjacent flowcra grow togelhor to form a bjhrIb berry {•■.g., L, 




CapriloliBMic. A LCfuUerin : 
a grnoclam of IiODiciirB ; b o( 
BymphorJcorpiu. 




the flvB lobM of 



alfigma). Symphariearput raeemonii, tlio Snowberry, boa a 4-5-locnlar ovary 
and white berries ; it is a common ornamental shrub. DierviUa hag a bilocolar 
eapanle; D. Canaderuii and roiea ore ornatnental sbrubs. Linnaa bonalU is 
a small creeping ptoul in Norway and in the Alpa. 

SUB-CLASS III. POLTPETAL^. 

Flowers nsnaUy hermapliroditc ; perianth nsnally consiBting of 
caljrjt and corolla, the petals being free. 

BEBIES I. CALYCIFLOB£. 

Flowcra epigynons or perigyBOnB : calyx usually gamoaepalons ; 
stamens do&nite or indefinite: gyucecinm eyacaqwoa or apocarpous. 
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Cohort 1. Umbellales. Flowers csaallj actmomorphic, epi- 
gynoaa, with generally a single whorl of etamena Opposite to the 
sepals : calyx inconspicnons : ovary bilocnlar, with one ovnle in 
each localns ; a disc between the stamens and the styles : inflores- 
cences nsnally nmbellate: seed containing endosperm: leaves 
exstipnlate. 

Order 1. Umdellifeb£. Formnla, E5, C5, J5, Q^ : the calyx is 
generally very small, often hardly visible ; the corolla consists of 
five rather snisll white or yellow petals ; occasionally the onterraost 
petals of the flowers at the circnmference of the nmbel are larger 
than the others, and the nmbel is then termed radiate: stamens 
five ; ovary inferior, bilocalar: the base of the two styles is fleshy 
and thickened, forming an epigynons disc (Fig. 239 A d) ; one 




Via. t3il.—A FIOWHT ot PiFnlDalum ImBs): / ovary ; c ootoUsj i (taineiii; d diao. B 
Fruit ot HBrEclonm; p podiCBl; o stylB; r r r riflgea (cDBtoj); n marglnsl ridgdj o oil- 
docla (ilttiD) UilB|;.|. C Tmurenie BeDtion of mcrlcarp of Cirum Carui: m vaHct Out 
eomea Into contact with the other msricarp ; o vittE; s omloapBrm, D TtanneiBO KCtian 
otmin^CBrpnrCaniain. S Frnit ol CoriaDdraiii ; i !anTg\ot ot tbo ■orlace atcog nhicli Iba 
CnomencarpiaialiiGDntiuti rrldgaa; n secoculary riilgSB. F Suction of a mirlciLrp (mag.). 

sospondod ovnle in each locnlns of the ovary (Fig. 148 E) : the fmit, 
when ripe, splits into two mericarps, each locnlns of the ovaiy 
being permanently closed by a median septnm (Fig. 240 a). The 
stmctiire of the pericarp is an important characteristic for the 
claesiGcation of the family. The fmit is commonly either oval in 
form (Pig. 240), or compressed (Fig. 239 JB), or nearly spherical 
(Fig. 239 E) -. its surface bears longitodimJ ridges {coeim), five 
generally on each mericarp ; of these, two ran along the margins 
(Fig. 239 B, 0, B, rr), and the other three along the dorsal surface 
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(Fig. 239 B, 0, V, r). In the spaces between the ridges, which 
form fnrrowa, lie oil-dncte or receptacles (vttUs) (Fig- 239 B, 0, o), 
and Bometimes other secondury ridgca (Fig. 239 E, F, n). The 
meriearp when ripe is filled by the seed, of which the larger part 
consists of endoBpcrm (Fig, 239 0, S, F, e)enclosing a small embryo. 
According to the form assnmcd by the endosperm, the following 
gronpB may be diBtingaished : the Ortkospermeis, in which the 
surface of the endosperm which is directed towarda the plane of 
jnnction of the two mericarps, is flat or convex, as in Camm (Fig. 
239 G) : the Oampylofpermece, in which the endosperm is concave 
towardfl the same plane, as in Conium (Fig, 239 J>), and the 
Oceiospermew, in which the whole endosperm is cnrved, so that it is 
seen to ba concave towards this plane both 
in longitudinal and in transverse section, aa 
in Coriander (Fig. 239 F). 

The flowers, with few exceptions (Ab- 
trantia and Erynginra), are in compound 
umbels ; in some few cases, as in Daucns, 
there is a solitary teiminal flower which is 
black in colour: an involncre and involncels 
are largely developed in some species, in. 
others they are wholly wanting. The hollow- 
stem bears large leaves with generally well- 
developed sheaths and much-divided lamina. 
Rarely the leaves are entire and amplexicaal, 
as in Bnpleurnm. 
SQb-order I. OnTnoepiBlicx, 
no. Ma-Fmit of 0«™. ^- DmbclB dmple, 
OmC X Orary o( Ihe floirm Tribo 1. HydroeolyUa. Fruit laterally com- 
1 Rtpo fniit. Tlio two piesaed. Tie geauB Hydrocotjlo oonwstB of marah- 
localihBTBiu)p4rMediou to plants with peltnto leaTBB 

JrSo"^ 't^'^Mmito!w''tt' '^^ ^ Saaiculta. Fruit newly oylindrioB]. 
ouphophon (u). ^1>'^ group includes tho genera Aitrantia, Eiyngimn, 

and SanicuJa. 
9, Umliels oampound. 

Tribe 9. AmmineiB Pmit without Moondary ridges, laterally oompreswd: 
Bnpkurom, Petroseliaom, Apiom, ^gopoJium, Cftnun, Cicnts, Sinin. 

Tribe 1. SeKliTua. Fruit without eeoondary ridges, cireolar in transverso 
wwtion : £thasB, Fatnionlam. (Ennntbe, BdbgIj, Meum. 

Tribe 6. AngtlUta. Fruit witbuut eecondary ridges, compressed in the 
median plane, the lateral primuy ridges winged, tbe wings of the two meriooips 
diiergGut : Levislicnm, Angelica, Arubnngelica. 
Tribe 6. Petieedatitit. Fruit wilhoul eaooDdary ridges, compieBaed in tbe 
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mEdian plane, the lateral primary ridges winged, the vingi oF the two mciicarps 
appoied : Peacodunum, Imperatoria, Aaetbnm, PaHtinnca, Heraclemn. 

Tribe 7. SiUrinca. Eaoh merioarp ha« foor Beoondaij tidgss : Siler. 

Tribe 8. Thapiita. Each mericarp baa four Becondaiy lidges, at which tha 
external ones at least are winged : LaBGrpitiiim. 

Tribe 9. Daucirua. The Becondary ridges are epinoTia : Daucns. 

Sab-order 11. Cahptlohfebues. 

Tribe 10, Cauealiaea. Secocdaiy ridges spinous : Caaoalis. 

Tribe 11. ScandiceiE, Fruit wiCbaut eecondary ridges, laterally oomjireBSed, 
OBnally beaked ; Anthriscns, Cbffirapbjlluni, Mjrrhia. 

Tribe 12. Smymita. Fruit without aeooudary lidges, oobeakcd : Couium, 
amyrQium, 

Sub-ordei m. CtBLOSPBBuis. 

Tribe 13. Coriandria. Fruit spherical ; seaondary ridges mors praminant 
than the wavy primary ridges : Coriaudrnm. 

AiUhniciit tilvettrii, Camm Cami, the Caraway. Heradloita tpondyliam, the 
CoW'Parsnip, Sgopodiam Fodagraria, Patlinaea tativa, are common in meadows 
and woods. The (oUowing are ooltivated ; Apium graveaUm, Celery ; Pctro- 
Klt'numiatiiium, Paraley: Daue\u Carota, the Carrot; Pattiaaca olerocta, the 
Parsnip; Anthriinu cire/alium, the CherviL The following are poisonoas: 
Conium moeulalum, the Hemlock i Ctcuta otrota, the Water-Hemlock; jEthuia 
Cynapium, Fool's Parsley. 

Order 2. Aealuces. Flowers generally pentamerons ; BttuneoB 
sometimes more numerous; uarpela more or less numerous: fruit 
a berry or a drupe. Shrubs, sometimes climbers, ivitli scattered 
palmate leaves. 

Btdera Helix, the Ivy, does not bloeaom till it.ia some years old : the umbels 
ore borne on erect brauches, the leaves of which are eutire. Fattia papyrifera 
it used in Japan tor making a kind ot paper known as rioe paper; it is made 
trom the pith. 

Order 3. Gobnacbx. Flowers tetramerooa, witli a dimerons bi- 
locular ovary: fmit osaally a drupe. Shrubs with woody stems and 
entire opposite leaves. 

Comui miM, the Cornel, has yellow flowers wbich bloom before the unfolding 
ot the leaves, and a red fruit. C. latiffuitua and laeeica are eouuDoii ehrubs. 
Aucuba japoniea has coriaceous leaves, diiecions Bowers, and a baccate trait. 

Cohort 2. Ficoidales. Afllnitj doubtful. Flowers epigyuous 
or perigynous, with the very numerous petals and stamens, and 
often the sepals also, arraaged spirally : ovary uni- or multiloenlar : 
placentas parietal or basilar. 

Order 1. Cactei. Flowers acyclic, epigynons, with numerous 
sepala, petals, and stamens, which gradually pass into each other : 
ovary unilocular, with three or more parietal placentte : ovales 
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Jiorizontal ; endosperm little or none : Btems of the most % 
forma : leaves nsnally represented by tufts of spines. All are indi- 
genous to tropical America, but many have been introduced into 
the eastern hemisphere. 

Mamillaria hai a spherical or ojlindrical stem on \rhicli taberclea, arranged 
Bpirallj aad lietamg spiaeg, Tepiesent the leaves. EchiuopEis and EchinocactuB 
hsTe aQgiJai lidges on irhicb the tofts of spines grow. Ceieaa lias an angnl&r, 
oolamnat, elongated atem. Fhy llocaotus and Ilhipsalia have oomptessed leaf- 
like sterna. OpUDtiSi and Nopalea have flattened etoms oomposed of a sdo- 
cession ol flattened ovate shoots. The Ooshiueal insect Uvea on Nopalea eocci- 
ntUtfera. 

Order 2. AizoacbJ! (FicoideJ!). Flowers with a simple perianth 
and usually indefinite stamens, tlie more external of which are often 

transformed into potaloid staminodea : ovary maltilocular. 

Uanf apeciee ol Mesembiyanthemum, natives □! South Airiaa. are cnltivated ; 
in Aizoon the fiowers are perigynona. 

Cohort 3. Passiflorales. Flowers actinomorphic, cpigynona, 
perigynoua or hypogynous, pentamerous : etamena in one or two 
whorls, or indefinite ; gyncecium syncarpous, ovary usually trimeroos 
and nnilocular : ovules ntuncroos, on parietal placentm. 

Order 1, Passifloiucej:. Flowers pentamerous, perigynons; be- 
tween corolla and andrcecitun there is a disc consisting of a number 
of filamentous appendages : the androecium and the gynoccium are 
elevated npon an elongation of the axis ; stamens live, often mona- 
delphons, opposite to the sepals: leaves palmate. Climbing plants. 



Order 2. Papataces. Flowers diclinous, hypogynous: stamens 
in two whorls: carpels five. 

Carica Papaya, the Pspaw, is ooltivated in the tropics on aeootmt of its edible 
fruit : its latei is poiaonoiu. 

Order 3. Begontacea. Affinity doubtful. Flowers diclinous; 
the male flowers have two dimerous petaloid perianth- whorls, and 
indefinite stamens crowded together; the female flowers aro epl- 
gynouB, the perianth consists of five petaloid leaves, the ovary is 
trilocniar, with numerons anatropous ovules borne on axile placeo- 
t»: fruit a capsule: loaves often very large, usually obliqne: 
inflorescence cymosc, the male Sowers being terminal on the first 
branches, the female terminal on the last. 



MaDj Epi^cios of Begonia, deriTed tma the bopics, bid caltiTatod 09 orna- 
mental planU. 

Oriler4. CucuEBiTACEj;. Flowers diclinous or polygamons, actino- 
morphic : corolla gaiaopetalous, of fire petals ; atamens epipetalons, 
five, bat two pairs cohere, bo that tliero appear to be but three 
(Fig. 241, diagram) ; sometimes there ia only one short one, with 
a large einuons anther : ovary inferior, nnilocular, or spuriously 
mnltilocnlar, with one or (more often) m.any parietal ovules : frnit 
baccate (a pepo or a, succnlent berry), often of great size, with 
L relatively thick and solid epicarp: seeds withont endosperm. 



cften climbers, the tendrils growing 



Herbs with ncatterod lei 
by the side of the leaves. 

Cueiirbila Pipo is the Pamp- 
kin : the genus CncuiniB has tree 
stamens; Cuctimit lativa is the 
Cucumber, nnd Cucumi* Mtlo is 
tho Melon: CilniUui wlfforii U 
the Wntcr Melon. The geaas 
Bryonia has a small white 
corolla ; tlio loculi of the ovarj 
are 2-seeded. and the fruil ia a 
ancoulent berry ; B. diaiea is 
common in shrubberies and 
hedges. 

Oohort i. Myrtales. 
Flowers BSnally actinomoi'- 
phic, epigynona or peri- 
gynons, with commonly two 
whorls of stamens: gynco- 
cium syncarpons, with nsn- p,g gj, _ 
ally a single slyle; leaves atcaean^-. 
nsnaUy opposite. n.iigm.r « 

Order 1. ONACBACtX. \mj ovary; the corolla (r) la Dot nil Hhawn laoms- 

Flowers nsnally tetramerons "-b.i.ii.g). nor.1 dUgram of ciicorbiia. 
throughoot, epigynons: ovnry mnltilocnlar. ivith numerous ovules 
on asile placentro: fmit a berry or a. capsule; seed without endo- 
sperm. Calyi often petaloid, forming a long tube (Fig. 242 A, r), 

(Enothtra biennii, tho Evening Frimroee, oochtb on river banks ; the seed hoi 
not a tu(t ol hairs, and the flowers ace yellow. Epilobiam ia the Willow Herb, 
ol which many species arc common ; E. angaitifotium, hiriuiiim, and montanum 
occur in Gelds, hedges, and ditches ; the Eeeds have a loft of long hairs ; flowen 




foTXTyi itoTulH; konlri; CnomlU: 
' mdimsntarr aMmem. B LooglttuU- 
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Ted, frait a MptUiagal ospsnle. Clreaa luMiana (Embuitar'B Nigbtsbade) bus 
dimerous Aovctb K2. C2, A2, G(,) : common in ^mp and shad; epolB. Iinardia 
palutlrit has no dotuIIu ; ita fiait is a septicidal capsule. Fuchsia (Fig. 312 A], 
many species of whict ore cultivated aa oruaiuaotal plants, is a native of South 
America ; trait t, ben?. 

Order 2, Lythrakie^. Flowora perigynoiis, with two whorla of 
stamens : formula Kd, Gn, An + n, G'^, where n = 3—16 : orary free 
in tliB hollow receptacle: an epicalyi formed by connate stipules 
is often present: seed withont endosperm, 

and ditches: formula 
oneqnal in length, and 
the length of the 
Etyle alBo varies ; 
three forma of 
Q overs are thas 
produced (tri- 
morpbiam). Se- 
veral B];ecieB of 
Cuphea, vrlth 
a poBtcTiorlj 

Bpurred ealji- 
tube, from Meij- 
oo,arecaltivated. 

Order 3. 

MvBTiCE«, 

Flowers 4- or 
5-merons, epi- 
^^ynoDs : sta- 
mens oft«n 
very niimer- 
ons, or few 




boforc). C Fruit 

Bmelia formoil by and m n ell 

branched (Fig, 

nsnally DppoBit«, dotted with 



243) : seed without endosperm 
oil-glands. 

Tribe 1. Myrlea. Fruit a berry or n drupe ; stamens indefinite. 

Jflfrtuj eommunii ia the Myrtle of Southern Europe ; Eugenia and Caryoph;!- 
lUB are also omoraental abniba. 

Tribe 3. Lepioiftmua. Fruit a cnpsula. dcbiacing locuIicidaUy from abova 
downnards: stameni indcSuite, in bundtea which are opposite cither to the 
sepals or to the petals (Fig. 243). 

Callutemon, Melaleuca. MelroBidcros, CalothamnuB. and others, are omamental 
plants; Eacalyptiu Clobuliu, from Australia, is mnoh planted in morahjr dia- 
tricts, which it tends to dry np by its actiie transpiratioii. 



J 



Fruit resembliDg a pomei 



s oppusil«i without oil- 



Tribe 3. Ltcythideic. FruitUrge.woodj. dehiscing with alid, or indehiBoentj 
leaves Bfiattcrod, without oil-glandB; atmnens indefinite. 
BerVioUetia excelsa grows ia tropical A.merica; its fruits ace known m Bruit 

Tribe *. 
glands. 

Punica granatum, the Pomegranate, groTvs Id Soathem Europe : flowers S-8- 
merous; receptacle petaloid ; Btamenti iadefiiiite; io the ovnr^ there are two 
whorU of luauli. &a external superior of wliiah the locali are as nnmerons as and 
arc opposite to the pclOils, and ah Intemftl inferior consisting of three looulL 

Order 4. Rhizophokacej:, Tropkal trees with aerial rootB. known 
aa Mang^roves : the seed often germinates in tlio fruit whilst it ia 





Uie aamir of DBlDIhair 
1 calji i p corolla ; tt 
1D8IU i 11 sljle. (After Bacl 



Fio, lli— FlowBT-bodof Caiyophyl- 
lu», Iho CIoTB. in loaBltodinal lectiOB i 
f the Interior onr;, with tbe oil- 
gl&Dda W; ill the omlNi kealfx; 



still attached to the tree, and the pHnary root extends till it reachoa 
the earth. 

Cohort 5- Resales. Flowers actinoraorphic or sygomorphic, 
usnally lierm aphrodite, perig'jnons or epigynous : stamenB rarely 
fewer in nnmber than the petals or equal to them, generally in- 
definite in nnnierous whorls; gyntecinm more or leas completely 
apocarpons : ovules anatropous, suspeuded or erect ; seed with or 
without endosperm. 

Order 1. Rosach*. Flowers actinomorphic,perigyuouB; gyuceciuni 
apocarpous : ovnies 1 or few, atiatrrapous ; seeds without endosperm. ! 
leaves scattereJ, stipulate : the odd sepal is posterior. 

Tribe 1. Roifit. Carpola numerous, altached to the base and sides of tho 
hollow reoeptaclo, which ia narrow above (Fig, 3iG C) ; each contains a siDgla 
«utpended oTole, otiiit when ripe, are ach«nes enclosed in the fleih; reoeptaolc : 
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the Bep&Ia are Freqnentlf persUtent al the top ol tL Sbmbs with imparipinnBte 
leaves ; the BtipalSB are adnate to the petiole. 

Many apeciea of Bosa, tha Itose, are wild, snch aa S. arvrniii, cantna. and 
riibiginBia, and maa; others arc cultivated, as it. cenlijolia, damaicena, iniifca, 
riibifoiia, eto. 

Tribe 3. Spiricatea. Carpels usually 5, eaeli containing two or more sna- 
pended ovalei: the; are inserted upon the floor o[ the flat op«n receptacle: 
the oalyi is persistent till the (rnit is ripe. 

aria, Meadow-sweet. Aruncui and Filipeiidnla (Dropwort) occur 
in woods and meadows, the (rait is a (oUiola; Sp, lorhi/olia, media, utmi/alia, 
and other species, Kerria japoniea (with MheneB) and Rhodotypui (with dmpes) 
■re ornamental ahnibs. 

Tribe 3. JmysdaUa. The single cupel, containing two suspended ovules, is 
inserted on the floor ol the receptacle (Fi^. 245 A and 24l> C) ; the receptacle 
and the calyi fall oH when the fruit is ripe : stumeaB uanally in three whorls of 
B or 10 ; Imit a drape (Fig. 162) ; only one seed is uanally present. 

The trait of the genua Amygdalaa Las a furrowed coriaceous endoearp: A. 
eommmit, the Almond-tree, and nana, are trees of Southern Europe: A.periica 
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it the Peach. The trait of the genus Prunna has a smooth atony endocarp: 
P. amuniaea ia the Apricot ; F. damatiea ia tha Wild Plum, it has an ovoid 
bait and glabroaa shoots; P. imitiila is the Bnllace, it has a globoid fmit and 
hirsnte ahootn ; P. Cenuai, the Wild Cherry, has foliage -leaves at the base a! 
its umbellate inflorcseenoes ; P. Avium, the Sweet Cherry (Qean). Las only scale* 
at the base of ita inSorescences ; P Padat, the Bird-Cherry, has elongated race- 
mose infloreacencea ; P. ilahaltb, the Damson, has fragrant bark -, P lavrocera- 
(u>, the Cherry -Laurel, has evergreen leaves which somewhat leeemble those of 
(he true Lanrel ; P. rpinoia is the Sloa or Blackthorn. 

Tribe 4. Sanguitorbta, Flovers often unieeiual : ovaries tew, often bat one, 
monomerous, enclosed in the cavity of the receptacle which hardens as tLe seed 
ripens: ovules aoUtary. annpended. 

The genus Akbemilia haa tetrameroas fiowen di?stitute of a corolla ; tha 
•tamens (4 or fewer) allemace vith the sepals ; an cgiicatyi ia preaenl : A. oul- 
garit, the Lady's Mantle, and A. arrentii, are oommon. The flower* of the 
genus Sangoiaorba. the Great BumcC, bare no corolla, the four atamena ate 
opposite to the sepals, and they have no opioaljrx ; S. officinatii ia common m 
meadowa. The flowers of the genus Foleriom, the Lesser Burnet, resemble 
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tboge of tLe preceding, bnt the itamens &ro iodeGnite, and the; are poljgamona. 
The Sower o[ Agrimonia is pent&merouB ; it has a corolla and indeCiiite gtamcnB ; 
the outer aorlace of the receptacle u beset with biiatlee. 

Tribe 5. Dryadia. The ovaries, which are numerous, are inBerted upon 
a prolongation of the axis into the cavity of the receptacle (Figs. 215 B and 34G 
;i) ; each containa a siiigle ovule. The oalji ia usually atUTonuded by an epi- 
caljx formed b; the connate stipules 
of tlie sepals. The stamena are usuallj 
indeGnite, each whorl consisting of as 
man; or twice as many stomenB as 
there are petals. These Sonera arc 
distinguished from those ol the ICa- 
nunculacciG, which the; somewhat re- 
semble, by tlie nhotled arrangement 
of the stamena and by the presence of 
the hollow receptacle ; for in 
cuIaceouB flowers the etameni 
ranged apiially and the sepals i 

Of the genua Potentilla, which has dry fmila and a dry reeepUete. many 
species are common, such as P. airirrrrinEi, the SQver-weed, reptam, ToTmenliUa. 
and others. Fragaria is the Strawberry; the receptacle becomes succulent as 
the fruit ripens and bears the small echenes on its surface ; F. vena and 
tlaiioT ore found in woods; F.viTginiana and other Korth American epecies 
are ooltivated. The flowers of the genus Bubus have no epicalyi and the fruits 
are succulent when ripe : Rubut Idma is the Baspberc? ; its fruits separate from 
the dry receptacle when they are ripe : in It. fruticoixtt, the Blackberr;, and 
if. catiiu, the Dewberry, the upper part of the receptacle separates together 
with the fmila when ripe. DryoM octopetnla is a procumbent alpine shrub with 
an ova], long-tailed fruit (resembling tliat ol Climatit Vilalba), Gtum tirtmnum 
and rieale (Avens) occur in woods and damp Selda ; the long style is hooked. 

Tribe G. Fomfa, Ovaries five or fewer, contained in the cavity of the 
receptacle, connate, and adnata to the wall of the receptacle (Fig. 345 D). 
The spurious fruit ia surmounted by the calji. The individual fruits either 
become hard and arc like small drupea imbedded in the fleshy receptacle, or 
they have only a thin wall, so that they are more like capsules, and seem to be 
loculi of the whole fruit, as in the apple for instance, where the aocculent 
portion is derived from the receptacle, and the core consists of the fruits en. 
closing the seeds, which are basal, generally two in each carpel. Stamens 
indefinite: no cpicalyx. Shrubs or treea with deciduous stipules. 

I, With stony fruits. 

In the genus Cotoneaater, the fruits project above the receptacle : in Crats- 
gus, the Hawthorn, they are completely enclosed ; C. oxijacaniha. the May, and 
C. manogyna are common; other apedes from ibe East and from North 
America are cultivated; Mespilus, the Medlar, has a large fruit wbicb is 
surmounted by the Gve large sepals. 

n. With coriaceous fruits. 

Cydonia, the Quince, has nomcrous ovules on the ventral suture of eooh 
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ooipel; the oatet layeni of cells ot Uis testa are macQngiaona. Pjrus has two 
basal ovules : P. eoniinunif and otliers ai'e the Feor-treeB ; the loculi of the 
apnriouB fruit, seen in tranBvaree flection, are Toiinded tovaiia the exterior ; the 
fruit ia not hollowed at the base : P, jVafui and others are the Apple-trees ; tho 
fruit ia hoUowed at the base, and the loculi. seen in tranaTorse section, ore 
pmnttd towards the eitorior. Sorbua resembles the preceding genns; S. 
Aueuparia is the Mountain ^aVi or ItoTran-tree. Amelauchier, the Berrioe-trce 
ot Canada, has only one ovule in each loculus. 

Order 2. Legl'iiinosj:. Tlowera turn ally medianly zygomorphic, 
perigyuons, pentamerons, with ciilyx and corolla; stamens ten or 
more ; ovary of ft Buigle anterior carpel ; ovuIcb borne on the 
ventral Bntnre : fmit a legnme or a lomentum : flowers always 
lateral; leaves nearly always compound. 

Sub-Older 1. Fatiliohiceje. Flowers zjgomorphic, papilionaoeona. The 
Ato sepals, one being anterior, are Dsually conilate, forming a tube above the 
insertion ol the corolla uid tho andr<ecium : the fire lobes are uiuall; unequal 
and sometimes form two lips, the lower ot three and the upper ot two teeth : 
potalB Gve, alternate with tho sepals, imbricale, so that the anterior petals arc 
overlapped by those behind them ; the posterior petal ia mnch enUigcd, and is 
called the vexillum (Fig. S47^,/a) ; the two lateral petals, which are much 
wnaller. are termed the aim {Fig. 347 A.Jl) ; tho two anterior petals are eonoatc 
or Bometitnes simply apposed, and torm a hollow boat-shaped bod;, tho keel, 
or carina (Fig. 247 A, i). In a lew «aaea the corolla ia entirely or partial!; 
mppresaed ; thus in Amorpha. only the vexillum is present. The 

arc either conns 

poatcrior atamen 

tube consists ot nino stamens, and ia inootn- 

tji /;i^^^^^ j'j P'""^ puBloriorly (Fig. 347 A) ; rarely the 

'l^^^^t^KT alaniens are all freo : they mostly curro np- 

warda, and diminish in length from in front 
S "y'^Bh^ backwards. Tho ovary, enclosed by Iha 

t^^^^Sr etamiual tube, consists of a solitary anterior 

r ■" carpel ; it ia often divided into two chambers 

lie. M7.— FloTter ot Latui »rnieii- by a Bparious longitudinal aeptum. or by 
lain, (wmwhw mag.). A With one tranaverBo Bcpta into acveral chambem. Tho 
ranovedi r Inbo formed by Iho ita- 1^0 A), rarely one-seeded and indehiaoent. 
BODi: ■, tba free aiamoDi uiiDUur; Tho Sowers are solitary and axillary, or in 
• stigma. racemca. Tlio leaves are only rarely entire, 

■mally palmatcly or pinnately compound, with often largo stipules (Fig. 6 C). 
Tribe 1. Lotta. Leaves simple or compound : stamens diadelphons or 
moDadclphooa ; legume nnilooular. or bilocnlar in coasequeucc ol the formation 
of a sptuioua longitudinal dissepiment, ueually deliisccnt, many-seeded: ooty- 
ledona leafy, epigieal. 
In XJlei ihe Whin, Gorse or Fune, Qenisla the Green-weed, Cjiiaus (Barotli. 
•mnus] Ihe Broom. Ononia the Rest-harrow, and Lupinua, the atomens are 




QBOnP IV. — FHiSEHOOiMS. 205 

monadelphoQs ; in Genisla the le&TGB ais eimple ; in Borotlmnmiw an<l Ononis 
the leftvea are tcrnate; in Ulei the leavea are temate in BeedluigB, bnt in 
mature plants the; ace Bcaly or epinoas ; in Lupimia Iha leaves are pahnatcly 
comimund. Cylitui Ltiburnum is a well-known flowering tree. 

In Mudicago, Uelilotus, Trifoliiun, and Lotus, the EtaaieuB are diaddphons 
and the leaves temate. Tcifolium is the Clover : the Etmaens are partially 
adnate to the corolla ; the withfrod corolla pcrsiets and encloBes the small 
legume r flowers in capitula ; T. pratcnic, the Kod Clover, T. tepcnt, the White 
Clover, and hybriihim, which are aommun in meadows, and T. ineamatum, Irom 
the East, are oultiratad. Lotn* comiealiitui, the Biid'a-foot Trefoil, with a 
beaked carina and spirally- wound legume, is common in meadows. Medicago 
baa UEuatlj a spirally-wonnd legume, and a deciduous corolla; il.falcata and 
liiptitina are common ; M. lalira. Lucerne, is cultivated. Melilotus has a 
globular legume ; SI. alba and oJiciaalU are common on the banks of the 
streams. TrigoncUa. 

Li Anthyliifl, the Kidney- Vetch, the Btnmena are moaadelphoos, and the leavei 
imparipinnate. Aathyllii Vulntraria, Ladies' Fingeia, is common in dry pas- 

Li the remaining genera the leaves aro imparipinnate and the stamens diadcl- 
phouB. Indigafera tinctoHa, in the East Indies, producea Indigo. Glycyrrhiia 
ia the Liiiuorice- Colutea. the Bladder Senna, has a swollen frnit ; C. /irborei- 
ctni and varions species of Caragami are cultivated as ornamental plants. 
Bobinia Fieudacucii, the false Acacia, is a native of North America, bnt it 
has become naturalized. Amorpha frutieoia ia a common shrub, from North 
America, Astragolas has n legume with a spurious longitudinal dissepiment: 
very many species of it ooour, especially in the East. 

Tribe 2. UedijtaTta. Leaves imparipinnate; stamens diadelphous: (mit a 
lomontum, with Lianaverso septa, dividing Into segments. Cotyledons leafy, 
eptgraol. 

Hippocrepis and Coronilla are common in meadows ; Onohryekit lalica. the 
Sainfoin, is cultivated. Arachii hypogiea, the Eorth-AImond or Ground Nut of 
tropical America, ripeni its fruits in the earth. 

Tribe 3. I'ieirir. Stamens diodelplious: legume aniloculor: cotyledons 
hypogmol ; leaves paripinnate and usually cirrhose. 

Vicia lativa, the Vetch, and V. Faba, the Bean, are cultivated ; other species 
occur wild. Pitwn ialivum and arvnut, the Pea, are cultivated. Ervuin len*. 
tho Lentil, belongs to Southern Europe. Various species of Lathyrus and 
Orobus occur wild in woods ; L. oiIi>raliu and others are collivated. 

Tribe 4. PliaitoUic, Stnmens diadcEphoua : legume nni] ocular ; cotyledons 
usually epigteal, bnt not leafy : leaves usually imparipinnate, frequently ter- 

Phaieobu vulgaris, the French Bean, and P. mvltifianu, the Scarlet Bunncr, 
are cultivated. Wiitaria ehiiuaiii is an ornamental climber. Fhysostigma ia 
the Calabar Bean. 

Tribe S. Dalbirgita. Stamens mono- or diadelphous: legimie indehisoent ^ 
cotyledons fleshy. 

Ptcrocaipns. Dipterix adorata, tho Tonka Bean of South America, contain* 



Tiibo 6. Sophorea. StamenB all free. Bophara Japoniea snd CladraitU 
ttttea aie orniuneiital plsnla. Myroi^ton. 

Sab-order 2. CssALpraiEai. Floner zjgomorphic, but not papilionaceoiu 
(Fig. 318) : patala imbricate, bo that the posterior petal U overispped by tlioae 
anterior to it ; stuiDeiiB ten or less, tree, nioce rarely connate : tbe legume ia 
freqaentlj divided by trunETerEe septa, and is inilehiEcent : Sowers in paniclea 



GUditiehia triacanthot and other speciea are culliratcd foi onament, Cereii 
liliquaitrum, the Judaa-tiee, haa romided leaves. The wood ol Catalpinia 
braiilienia is known as Femambuco oi Brazil wood. 

Sub'Order 3. Miuoee*. Flowers aotinomorphio. with Talvato cstiTation ; 
Btameiis ten, larcly fon-er. frcqaeatly very numerous, tree (Fig. 219), neually 





., with 



mocb longer tlian tlio perianth ; legume Bometimus divided by tiansverse septA. 
The Boweta usually grouped in Bptkes or capitula. 

Stimotapadica, the Seoaitivo Plant, has irritable leavea. Speeice ol Acacia 
■ra oomerans in Africa, Asia, and Australia. In the Aaatrolian Epecies tha 
leaves ore represented by Battened petioles (phyllodea) which are extended in the 
median plane. 

Order 3, Crassulace*. Formula Eu, Co, An[ + n ], On, where 
B = 3 — 30: flowers perigynons, with two (rarely one) whorla of 
etamens : ffynoecinm apocarpona, carpels opposite to the petals, 
with a Bealo (disc) beliind the carpels: ovules nnnierons, mar- 
ginal: tmit a follicle: seed with endosperm : inflorescence oHaally 
cymoaa. Plants with entire fleshy Icavos, arranged spirally, oftoa 
in rosettes. 

The genoB Sedum baa asually pentameroQB flowert ; Stdun acre, the Blone- 
orop, is aommon on nalU and rocks : S. ntn^cimum and others an common. 
The genua SemperriTuiD liaa at leaat 6-merauB flowers ; S. tecturum. the Houm- 
leek, and other apeates, Echeveria, Craasula, tjtc,, are frequently cultivated. 

Order 4. SAXiritAaACEJ:. Flowers usually 4-5-meroas, epigyn- 
ons or pcrigynoDS : stamens usually in two whorls: carpc 
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muneroas, usnailj connate below and free above : eeed containing 
enJosperm. 

Tribe 1. Saxifritgea. Flowers perigyuouH or cpigjTious, actioomorpliio or 
zygomorphic ; petals with imbricata iGstivutioD : two wborla ot atamena, or 
only one [opposite to the Bcpuls): carpels usually two, diverging above: ia- 
floreBceuce of Tacemose cymes: fruit a capsule ; leaves altemBte. 

The gonus Saxifraga bos a bilooular ovary, but the flower ta otherwise peuta- 
meroos ; the receptacle invests the lower connate portion o[ the ovary. Many 
species oMUc in moiintainoQi districts, and in several ol them there is a deposit 
of osibonate of lime on the margins of the leaves ; only a few species, such as 
S. fridoef^IilM and ffranuIaCa, occor in the plains; S. lannentoaa ia b«quently 
cultivated indoors. The genoa Bergenia has a free ovary (Fig. 25U) ; B. Mfolia, 
from Siberia, is an omamenlol plant. The genus ChiyBospleniimi hoa a tetra- 
merouB Qower destitute of a corolla; tbey are Bmall plants, somewhat re- 
Btmblipg a Euphorbia, occurring in damp places. 





(nutg.} (Atur Saclis.) 

Tribe 2. Parnatiira. Flowers perigynous, aotinomorphio ; the Ave stamens 
opposite to the petals are transformed into glandular Blaminodoa ; petals with 
imbricate lEstivation : ovary j-loonlar ; ovules nomerous : fruit a loculicidal 
capsule : leaves alternate. 

Pamauia palmlrii has a whoti of radical leaves, and terminal and lateral 
pednncles. each bearing a single Sower and adnata to a bracteole ; it is treqnently 
fonnil in damp localities. 

Tribe 3. Bydriingeir, Flowers epigynous, aatinomorphic, with two whoils of 
stamens: petals with valvate mstivation : leaves opposite. 

Itydraagca horleniii ia a well-known garden plant. The infloresoenoe is an 
umbellate panicle, the marginal Bowers of which (ia cultivated plants all ol 
them) are tetramerona; they have a very much enlarged salys. Mid only the 
whorl of stamens opposite to the sepals ; tbey are eterile. 

Tribe 4. Fhiladclphea. Flowers epigynons. acttnomorphic. 'i-S-merons : 
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Order 5. Droseeacej:. Floral formnla 

Kb, Cb, Ab, G^ or '-': flowers actino- 

morphic, perigynous oi' hypc^ynons : 

ovary anilocular, ovules borne generally 

FM W.-Fio.«r o( Riba. ^n parietal placentte, but thoy are aome- 

coroUft; It Mwoami b oisei » times basal. EerbB: leaves esstipalatei 

■'y'^ ivitli glandnlar, huir-like appendages 

which servo to capture inseiits (see Fig. 72). 

DroaerabasB soorpioid iufloreaeeace boiaa on a acape witbont brauteolca; 
Uia leaves aro lodiual anJ are fringed with glandnlai appoDdoges, each of which 
is traTeraed by a fibro-vasctiliu' bimdls. D. rolu rid i/oJfa luid inlermtdia, the 
Snn-dewB. are found od wot beathe. Aldrominda veiiculoia ia a floaliag walet- 
plant of Boutbera Euiope ; its whoited leaves fold up whea stimolated ; floKeiB 
■olilBf}', ailllar?. Dionta muieipula, Venaa' Fly-trap, ocouib in North Amerioa; 
it baa leaves wbicb likewise fold toguther when tonclicd ; Qowers with 10-10 
stamens and baeot ovalna. 

Order 6. Hamamelidb*:, Flowers frequently diclinons and 
apotalous, perigynous or nearly epigynoua ; ovary nsnally bilocnlar : 
leaves stipulate. 

Hanutnulii virgiaiea, tbo Witcb-Hazel, is an ornamental abrab from North 
America, the leaves of which somenbat resemble those of the Hazot. 

Order 7. Haloraoideje. Flower perigynona or epigynous, usually 
tetramerous throughout ; stamens in two whorls : sometimes tho 
corolla or tho whorl of stamens opposite to tho petals is wanting : 
seed containing endosperm. 

Trapa nabiiui the Watsr-Cbeatnut, a not very common water.plant of central 
Europe, has a stem bearing a rosette of leaves which float on the anrfaee of the 
the axils of tbeae leaves the Sowers are borne aiogly : their fonnnl* 
ia £4, Ct, Ai, G (I), and the; are perigjnoDS ; the trait ia indehiawnt, and tha 
sepals remain ndherunt to it in the form of tour homa. 



ilyriophijllum verlieillatum and ipicatum, the Wntei-Milfoila, are aquatio 
pknta with fitipl; divided leavea uid amall flcnreiH borne above tbe water in 
torminal spikes. 

Order 8. HiPPDBiDEa. Flowers sometimes unisexnal, borne 
singly in the axiis of tho whorlcd leaves : the calyi is indicated by 
a projecting rim on the ovary, and it invests also a single anterior 
stamen : petals ; stamen 1, epi- 
gynona: the monomerona ovary 
contains a, single sasponded e 
tropoua ovule. 

Hippiirii viilgarii, the More'a tail, 
grows io water aiid in damp places : 
tho Htem projects out of tho nutcr. 

Order 9. CiLLiTEiceiNEa. 
Aquatic plants, with decnssute, 
linear or ovate leaves, in the axils 
of which stand the solitary dicliu- 
ons flowers which are destitnte of ^ „. „ , „ , 

Fio, ass,— Part ol B Bowerlng itom of 
apennnth; the male flowers con- jiijipurii nul^rii. TboioaTeifLrooDian;. 
sist of a single stamen, the female (A'wr 8«iiii,) 

of a bilocnlar, spnrionsly qnodrilocnlar, ovary, with four snspended 
otqIcs the micropyles of which are directed ontwards. 

either snbmergod or thcj creep ou mnilily 




SEEIE3 n. DiaCIFLOHi:, 



Sepals free or coherent: petals in 
definite, and hypogynons : a disc 
Byncarpous or apocarpons. 

Cohort 1. Sapindales. Flowe 
of the staraeiw is varions : gynceciu 



I single whorl ; stamens nsually 
is nsaally present : gyncecinm 



1 often unisexnah the insertion 
1 nsually syncarpons. Usually 



Oitler 1. Sapikdaces. Flowers nsually obliquely zygomorphic, 
in that the two petals of one side are larger and of somewhat 
different form to tho three others ; of these, one, which lies in the 
plane of symmetry, is sometimes wanting: three stamens are 
usually suppressed, so that the number is reduced to seven ; thoy 
are inserted within the disc : tho ovary is trilocalar ; ovules two in 
each loculns: seeds withont endosperm. 
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iBacalns hnB opposite, palmaCel; compoimd, sxstipiUaite leaves : the Sowen 
inal Bcorpioid moemeB : tlio frait has a loculicidal daLiscsaeo ; jE. 
Hippoeaitanun is the Horse -Chestnut, di.-TiTed from AEia. ^'. carnea, £. 
Pavia, and other epecies are frequently cultivated. A great number at genen 
and speoies grow In irarm climates; tJiey have geaprully scattered pinnate leave*. 
The flesh; fruit ol Sapindiu Saponaria makes a lather nith water Uke soap. 




ulea two in each locnlos ; 
!-BOeJed winged mcricftrpB 
Imat^ly lobed, exstipalate : 
in coryniba, with an apical 



Order 2, Acerinej;. 
eight, ill conSBqnenco of the 
variously inaerted : ovary bilocular ; 
when ripe the fruit splits into two i 
(aajnaras) (Fig. 2ii5) ; loaves opposite, 
flowers in terminal r 
flower : seeds without endosperm. 

The principal species of Acer, the Maple, o 
having leaves with crenate margins, Sowei 
blooming after the unfolding of tLe leaves, and parallel-winged Imits; A. 
platanoiJtt. having leaves with serrate margina, Bowers in iJiort erect racemBi 
blooming before the unfolding of the leaves, oud fruits with widely divergiiig 
vrines (even more than in Fig. 2S5) ; A. campiitu, the common Maple, nhioh 
is sometimes shrubl);, with a trilobate leaf, ebort erect tai^emes ol flowers whiob 
bloom alter the unfolding of the learea, and Cruita with wings which are dia- 
tnetricall; opposite. Some North American species are often cultivated, suoh •• 
A. Tabntm. with five atameus opposite to the sepals; A. dainearpum, with the 
same nomber and position of the atamens, without any corolla, and having 
diieeious Sowers; A.Htgunio, with pinnate leaves, and dicccions flower* like 
those of the preeeding species. Suear is prepared from the sap of .J. ni^ruM 
and datfjcarptaa espctually. 

Order 3. Tebbbinthaces (Akacabducej:). Ftowera nanally 
actinomorphio, and often diclinous; stamens csoally insertet) on 
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the disc, bat disc sometimes absent : g^ynccciam of but feiv carpels ; 
Bometimes one only.is developed, the others being represented by 
two or more stigmas : resin-dacts present : seeds without endosperm. 

Tarions speoieB of Bhns are caltivated as oraamental plants ; ia Jilkiu cotiatu 
manj of the flowers are abortive, and iLe hairy pedaaotes become mneh 
cloaeatcd ; R. coHaria (Sonthern Earope) is nsed in 
tanaini-. Piitacia vrra, in Sonthera Europe, bears 
edible fruits ; in its flower the petaln and the stamens 
which are oppoeito to them are Buppresai:il. 

Order 4. Staph yi.e aces. Flowers actiro- I 
morphic, pontamerona: stamens external to the 
disc : ovules nnmerons : leaves decussate, pin- 
nate, stipulate: seeds with smnll endosperm. 

StapJiyUa pinnata U grown in gardeae. 

Cohort 2, Celastrales. Flowers actinomorphic, 4-5-merotiB; 
one whorl otily of stamens, whith either alf«matea with or ia 
opposite to the petals, is usually present : diso usually within, 
sometimes external to, the andrcecium: ovules usually erect: the 
seed nearly always contains endosperm. Trees or Khmba. 

Order 1. CELASTRLNEa:. Formula, Ku, On, An + O, (n) or less, 
n-i or 5 : sepals imbricate ; stamens and carpels inserted on a 
flatteaod disc ; stamens alternate with the petal«: usually two ovules 
in each loculus of tlie ovary; loaves scattered, entire, stipulate. 




Ia the genus Euonymns, the S 
bj an orange-oolourcd arillae ; £ 



lindle-tree, the localicidal capsule is invested 
europisun occurs both cultivated and nild. 



Order 2. Rhamnej:. Formula ^n, Cn, 
I ^0 + n, G^ i n = 4 or 5 : calyx usually 
gamoaepalouB, valvate : petals nsually 
small and often hood-shaped (Fig. 257 c), 
enclosing the stamens which are opposito 
to them : flowers sometimes dicliuous ; 
usnally a single ovule in each loculus of 
tho ovary, which is invested by a disc ; 
leaves usually scattered, entire, stipulate : i 
fruit t drupe or a »p»iJe. TSSi2.StXt' ^^S^ 

Rhamnut eathartica, the Boekthoni, has op- "" eia(oj. 
posite leaves and thorny twigs: the berries of B. infeetoriui, ia Soalhem 
Eniopc. yield a green or yellow dye: R. Fraiigula has aeatteied leaves; its 
wood prodiuMB a paiticalarly light charcoal- 
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Order 3. AMrEMDE^E. FomiMlft eame as in RLamncie: sepals 
smali; tho corolla is often thrown oH before it opena (Fig. 258 J, c): 
B, glandnlar diac between the aniircc'cinra. and the gyncccinm : ovnlea 
one or two in each locnlns : fmit baccate. Climbing plants, with 
palmate esatipulBte or stipulate leaves, 

yttii viai/tra, the Orape-Vine, proliftljlr deriTcd troni the East, ia enltivated 
in endloBB TarictiCB ; other species, sueh ftB V. vulpina and LatnMca, M also 
Ampflopiii liederaeea. the Virpnia Creeper, ara alsa frequenlly caltivated. The 
tendrils of the Vine (Fig. 15 A) aio branchos bearing scaly leaves in the azila 
□f H'hioh other hranchcs 
: their peculiar posi- 
tion opposite to the foliogc- 
iL'ares may be explained 
as follows: the ordinate 
Bhoots are sympodia, and 
each tendril ia the ter- 
minal wgwent ol a mem- 
ber of the Bjinpodinm ; 
At the following member is a 
; il shoot springing from the 
axil of the foliage-leal 
o the tendril. Bvory tbiril leal has no tendril opposite to it, 
that is to say, the mcabeni of the sympodiimi hesj: alternately one or two 
leareB. The inHorescenoes ocenpy the same positions as the tendrils. Each 
leaf has also a bud in its skD, vhicb either remains undeveloped or gives rise 
to ■ dwarf-shoot ; from the axil of Its citaphjllitr; leaf an ordiiiai7 shoot is 
developed. 

Coliort 3. Olacales. Flowers Gometlmes nnisexual, 4-5-(mrcIy 
6-) merons, formnla eamo as Celaslrinem : disc various or wanting. 

Order 1. iLicraE* (AQmPOi.iA.CE*). Disc wanting: one or tvro 
suEponded ovules in eaob loculns of the ovary : stamens free, or 
adnate to tho petals: petols often connate at the base: lea%-es 
BCattercd, «x stipulate. 

Hex aqui/olium, the Hollj, ivitb its coriaoeoos, spinons, everereen leave*, b 
ootnmon in plantations and noods: Itnit a berry. The leaves knovn in earn- 
tneioe u Paraguaj tea arc derived from I. Faraguayentii in South America. 

Order 2. Emfetrf.*:. Diac wanting : ovules eolitary, ascending : 
flowers dicEciouH, with three sepals, throe petals, thi-ee stain«ns, 
luid a 6-9-localar ovary r fruit of 6-0 dmpes. They are elirobe 
resembling Hoaths in appearance. 




which is opposite 



Smprtniu ni'^nnn is a small shrub occurring i. 
the Alps. 



the north of Europe aad L 



Cohort 4. Geraniales. Flowers nanally pentamoi-oua tlirongh- 
otit ; the carpels are opposite to the petals : ovary usually 5-Iooular, 
with 1 or 2 Buspcnded ovules; the inicropyle is directed inwards: 
disc vurious or wanting : fomrnla E5, C5, A5 + 5 \ 0®. 

Order 1. GcEtANUCRfi. Disc glandular: flowers usually actino- 
morphic : two ovules in each loculus ; the ovary ia prolonged into 
a beak (carpophoi-e) (Fig. 259 A, a) ; 
tlio fruit is Bcpticidal from below up- 
wards, the separate carpeis (cocci) 
rolling up (Fig. 259 B). Seed devoid 
of endosperm. Herbs ; leaves simple, 
stipulate. 

Geranium praunie, lylvatiaim, tanguineutu, 
and columbimim, the Crane's-bill^, are wild in 
England; G. Sobertianum, Herb-Bobert , is 
univerenlly distributed. Erodiam, the Sloik'a- 
bill, has the C etunena which ore opposite to 
the petals trensfonned into staminodes ; E, 

gonium, in man; Tarieties, is a well-known 
garden plant : the flowers are zygomoiphia. 
ond the posterior sepal is provided with a spur 
which adheres to the pedicel. 

Order 2. Lises. Disc : formula 
Ki, C5, ^5+ t5, I (09), flower, ao- ST/TJu^Z".: : K 
tinomorphic, rarely all the whorls are i™*' '••ii([in»i <• eoinnm o! tba 
tetrameroas : the whorl of stamens op- *"'' ''"*^'" 
posite to the petals is replaced by staminodia : each loculns of the 
ovflj-y contains two ovules, and is often divided into two by a more 
or less complete false dissepiment : seeds asanlly contain endosperm : 
capsule septtcidaJ. Herbs or shruba ; leaves simple, entire, with or 
without stipules. 




itiiniuin is the Flax : the stroDg basl-Qbrea are used ic 
B Gontiun oil ; the walli of the outer oells ot the testa i 



weavme 



Oi-dcr 3. Ervthhoxtlei. Flowers actinomorphic : petals five, 
with a ligular appendage : stamens ten, connate at the base by 
means of a disc and forming a tube : ovary 2-3-locular, with one 
suspended aoatropoas ovnle in each loculus : seed with endosperm. 

The wood of most of tho spefli 
ton Caca is chewed by the Peruviana 
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Order 4. Osalide.e. Disc 0: flowers actinomorpbic ; fommla 
K5, C5, .15 + 5, I G^ ; stamens ten, connftte at the base ; tlioao 
which are opposite to the sepals are the longest : ovniea numerous ; 
tmit a capsnle or more rarely a berry : seecl containing cadospenn. 
Herbs, with compound, g'eneralty exatipulate leaves (Fig. 71). 

Oxalu Acetoaetla, the WaDd-Borrfl. is frequent in niKxIa ; it contains mneli 
potassinm oxftUte. The tnberous roots or uudergrotind Btems of gome American 
speoiesu 0. timUnIa, ereaata, and I>cppei contain much mociloge and are naed 
tBtood. 

Order 5. BAtaAMrsE«. Disc : flowers aygomorphic ; formnla 
E5, Cb, Ah + I 6-': the posterior sepal is spurred, and the two 
anterior are small or absent : the anterior petal is large ; ovary 
5-lociilar; ovules nnmerons; the frnit is localicidal, the valves 
separate olaatically and roll upwards, so that the seeds are pro- 
jected to some distance. Herbs, with simple exstipolate leaves : 
seeds without endosperm. 

ImpatieTU Noli-me-langere, the yellow Wild Balssm, oecnra in damp and 
shady spots ; the ripe Iruit flies open with violence at a tonoh. Jmpatieni 
baUataitia, an Indian speaies. is caltivoted. 

Order 6. Titoi'sOLE*. Disc 0: flowers zygomorphic ; formula 
K5, 05, (44 + 4, W: the posterior sepal is prolonged into a spur; 
the three inferior petals are clawed and ciliate : the two median 
stamens, one belonging to each whorl, are suppressed: one ovule in 
each of the three locuH of the ovary : aeeda without endosperm. 
Herbs, leaves eistipulate. 

Tropxolum majui and minui, Imown as Kartortioiu, arc unirenalljrcnttiTated. 
Order 7. Zvgophtllej;. Disc fleshy: flowers actinomorphic, 5 or 
4-merous. Herbs or shrubs with decussate, generally imparipin- 
nate, stipalate leaves : seeds with endosperm. 
Ligmim Vita is the wood of Guiaeitm ogUinale (West Indies). 

• Order S. Rctaces. Disc usually aimular: 

flowers usnally actinomorphic : gynoecium some- 
times partially apocarpous, but the styles are 
usually connate : seeds witli or without endo- 
sperm. There are numerous oil-glands on the 
leaves and stcaia. 
&ub-crder I. Botes. The placcntte projeot into the 
Pis. sw.— Diismm of loenti ot the opary ; each bears 3 or more ovules : frnit a 
the Bower of Dieiamnu*. locolioidol capBole: seed witli endosperm, Eula gratitit- 
Imi, tha line, has pentamcrous tctminol flowers, and tetramerotu Uten) 
flowers. Diclamnui Fjuiinclla has a zjgomorphio Howor. 
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Sab-order a, Diobhes. OTnles 3 in eaoh localus: leaves simple: eetda 
without endogpetm. 

Baroema, Agatboama, EiopIeiinuD. 

Sub-order 3. XAMiBOTn.Ej. Flowers uanall; diisclouB and poljgnmoDS : 
endoBperm uBuall; present. 

Xanihoxylum/raxineuai, from North America, ii ft Arab wbidi is aometimea 
cultivated. 

Sub-Older 1. Toddalisje. Ojao^cium sjncarpons: fruit iudehiscetit, winged, 
dry or aucculoDt : seeda with endosperm. 

Ptelia trifoliala is a North American ahiub with white Bowers. 

Sub-order 5. Aebaktils. Gyncecimi) Bjncaipoua: caljx gamDeepaloat; 
Eceds without endospena. 

Tlie genua Citrus has an ludeGnite uumbor of bundles nt coouate Blamcna 
(polyadelphous) (Fig. 2G1 A), produced b; the branching of the G?e stamoriB 
which are oppoeite to the sepals : the carpelg are nsnall; more numerous than 
the petals, s,ad during ripening thej become Qlled with a succulent tiaans daiiTed 




36 Blipai 






form their walla ; the varioOB parts of the flower and the fruit contain much 
Btherenl oil : the leaves, which are tjiiically pinnate, are reduced lo thuii terminal 
leaSet. which is articulated to the winged petiole (Pig- 11 G). 

Ctlnu nudiea. and Limortam, are Lemons: Cilnw vutgarii or Jura-ntium is 
the Orange, derived originallj from tropical Asia. 

Order 9- Hei.iacg£. Disc vitriotis: Etamena monadcIphouB ; the 
^laments have stipulate appendages ; no oil-glands. 

Maboganyiathewoodof £wMt<>ii<i Sfahnifoni (America). The wood of ipeciea 
of Cedrela is often erroneotuly termed " oedar-wood." 

Order 10. SiMAHtHE*. Disc conspionons ; flowers acttnomorpbtc, 
Bcmetimes dicIinouB : xtamens often more nnmeronH than the petals : 
gjTiceciam BometimeH apocarpons: ovale nsnally eolifjiry in each 
locnlns: there are no oil-glaods in the leaves, bnt tbe cortex and 
wood contain a bitter sabstance. 




PAST IT. — THE CtiSSinCATlOU Or PLANTS. 

Order 11, BciEtSERACES. Disc nsnally annular: flowers airtino- 
morphic: pyncecium syncarpons; ovary with two ovTxlea in each 
locolas : thoro are resin -pitssages in the bast. 

BatwcUia irrrata (East Africa) ^clils Olibanum, a gam-cesin ; Oahnmodf ndron 
Myrrha jieldfl the giim-reain Mjtrli (Arabia), 

SERIES lU. THALAUIFLOB^. 

Sepals usually freo: petals often indefinite: stamena hypogynous, 
often indefinite : gyniecinm apocarpous or syncarpoaa. 

Cohort 1. Malvales. Flowers cyclic, generally peatamerons, 
aotinomorpliic : calyx often gamoscpaloos, with vatvate {estivation, 
corolla with nsnally contorted 
(estivation ; stamens originally in 
two whorls, generally brani-hed 
and often connate; carpels five, 
often forming a multilocnlaj 

Order 1. TiLiACES. Sepals 
nsnally free. In the indigenous 
species the staminal whorl oppo- 
site to the sepala ia suppressed; 
etamenH branched, the separate 
branches of the filament free or 
connate only at the base, opposite 
to the petals : anthers 2-locnlar, 
opening by pores or valves: ovary 
5-lociilar, each loculns containing 
two ovules ; bnt the fruit is 
generally only one-seeded. Mostly 
trees or ehrabs; leaves alternate, 
Etipnlate. 

The onl; indigenoni genua U TilU, 
tbe Lime-tree. It bsa obliqua leaves 
witli decIduonB Btipulea; the annual 
Bboota have not a teinuDal bud. Tbc 
Li T-lia '"''oreKcncB i> cjmoBa, fow-floweied; 
id ftiiuarr ^''^ peduDole is Bdn»le to tbe leaf^ 
iihs line* braot; this is brought about in the (ol- 
(K}< kuljii (mrollai lauuntaai/Dru-jr: lowing maancr: in tbe axil of the leaves 
h> flow«f.l«iil (ut. (tisi. there u nfluaUj a bud. tognther with %n 

InfloreBeeuoe (Fig. 2fl3); the braet (Fie. 262 h) aud the bud-ecale which la 
o[ipoule to it ora the flrat two leavea of the axillary ahoot vfhicb ie 




IB tenuioolea 
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by the ioHoreBceDOQ, the pcdnncle of vtiinh it {Ldmits to the hract for some 
distance: the bud la a nintor-bnd developed in the aiil of the abOTe-mentioned 
bnd-soale. The iofloreflceooe itself tertniiiBtea in a Bower; other fiowera are 
home in the aiils of its tno brocteoles, and other flowers again maj be developed 
in the aiils of tbeii biacteoleE, and bo on. T. grnnJiyoliLi. the Large-leaved 
Lime, hai a fev-flovercd infloreBoence, and leavei which are bright green and 
downy on the under Burfaoa ; T. parvifolia has an inBoreeoence which coaBistB of 
a large number ol flowecs. and has leaves whioh are blnish-green and pubescent 
nith red hairs on the under aurfaoe. T. inlermedia ia the common Lime. In 
the American species the internal brancLes of the stamenB are staminodia. 
Corohoms, in the East Indies, yields Jute, which conaistH of the baBt-fibres. 

Order 2. STKRcnLiACE*. Calyx gamoBopalons : the Btamens which 
are opposite to the petaU are asuailr doubled or branched; thoao 
which are opposite to the sepals are staminodea or they are sap- 
pressed; anthers 2-locnlar; the corolla ia sometimes wanting. 

Thtobromo Cacao ia a tree of Irapioal Amerioa, the seeds of which contain « 
IB substance, Theobromiru, and a filed oil ; from tfaem ObocoUte ia 




1 (oat Rlie) T fc oatjx i o coroLla 1 1 ooniuMi ataaeu, 
' icitL tbo iwthorg {a}; n ■tlgmiu. B Fmlt or j^llhiM mm intloMd In (t) the cbIti: ok 
eplc4ljx. The M&mo aFlar the nmoval of Itia calyr. 1> A aingJB localtXB or tho aame In 
loag^liKllnalfiJction ! nMOdi u ndiclo; il cotylodDuot theomhij-oCmuic.). 

Order 3. MALViCES. Calyx nsnally gamosepalous, frequently in- 
vested by an epicalys; the corolla ia adnate at the base to the 
andrcecinm : the andriBcitim is a long tube (Fig. 263 A s) consisting 
of iive branched stamens which are opposite to the sepala; each 
filament bears only half an anther, which is regarded as a niulocnlar 
anther (Fig, 263 A a) ; ovary nioltilocnlar, splitting into cocci (fig. 
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263 Of), with nanally one ovule in each ooccua (Fig. 2C3 D i) 
Under'shmbB or herbs : leaves stipulate and gvnerally polmately 
veined. 

Malva, the Uollow. has an epicaljx ol three braDt«olet. HibiMOH has one of 
macj braoteoleB, and AJthma, the Marsh- mallow, has one of 0-9 bracleolee; 
AUhaa rotca is the Hollyhock : several specioE of Ualva are indigenouB, JIf. 
tulvettri; Tolundifolia, and mo$chata. Gomjpium herbaceum in Egjpt, O. 
arbortum and rclrifioium in the East Indies, and G, peruriamim and hinutitn 
la Amerioa yield Cotton, irhich saniuBta of the long baira on the teata. 

Cohort 2. Guttiferales. Flowers cyclic, actiuomorphic, and 
generally pentamerona : sepalu nsnally free, with imbricate seeti- 
vation: stamona nsnally indefinite in conseqneuco of branching: 
gynoBcium eynoarpons, ovary tuii- or maltilocnlar. 

Order 1. HY-pEBiciNES. Formula, K5, C5, AQ + h"^, G^^ or A0 + 
330^ Qa_ Sepals sometimes nnited at the base : stamens five, 
branched, and therefore polyadclphona, anperpoBed on the petals in 
oonsei[nence of the suppression of an outer whorl of stameua which 
is indicated by staminodea in some foreign 
genera : ovary nni- or mnltilocnlar or many- 
chambered : capsule scpticidat : ovules nn- 
morous, anatropous ; placentie parietal or 
asile ; seed devoid of endosperm. Herbs or 
nndcr-ahmba with decussate entire leaver 
which are dotted over with tranalncent oil- 
glands; cxstipnlato. 




Fro. I**.— Di»gram of Hjpmi- 



wUdil 

Order 2. Elatinix. Water-plants with entire leaves, opposite or 
in whorls : flowers actinomorphic, 4--6-merons ; formnla En, Oa, Aa. 
-«-n, 0'-', solitary, without bract«olee, borne in the axils of tbe 
foliage- leaves. 

E. hexandra and Hydroplper (WaterwoTts) oecnr, but not conunonljr, in ' 

England. 

Order 3. Terkstrhhucrs. Perianth spiral; the calyx is not 
clearly distinguishable from the numerous bracts; stamens in- 
dofinit«: ovary mn I til ocular. Trees or ahmbs with aoattered, 
generally coriaceous, entire leaves, without stipules. 

Camtllia japonica is a faTonrito ornamental ahmb: Thm chintiuU, ot yrideh 
the dried leaves are lea ; blaok and green tea are vaneties resulting only (ram 
the mode of dijinn the leaf. 




GROUP IV. — PIIAMEROGAMS. 

Order 4. Closiacei (GuiiiFEnj!) . Trees or shrnba with dicUaoas 
flowers. 

Order 5. Diptebocabpei. Trees; leaves usually ntipnlate; the 
gamosepalous calji enlarges very maeh during the ripening of the 

Dryobalanopi Caniphora, a onCive ol Sumatra, jielda the Bomeo Camphor. 

Cohort 3. Caryophyllinae. Flowers cyclic, actinomorphic, and 
generally petameroas : caljx often gamosepalons ; stamens nsually 
definite : ovary unilocular, with basal placentffi. 

Order 1. CARYornTLLACE.E. Flowers generally petamerous, with 
calyx and corolia, though the latter is snppreased in some oases; 
sepals distinct or coherent; stamens in two whorls, of which the 
inner ia often wanting; ovary 2, 3, or S-merona, unilocular, or 
mal til ocular at the base, with a central placenta or with a single 
basal ovule: fmit usually a capsule: leaves opposite, decussate: 
stems usually tumid at the nodes. 

Triba 1. Aliinea. The corolla 
and tlie inner n-boil nf stamens 
are uaottily preBent ; the calji is 
eleuthecosepotaoa ; fruit a oap- 
salo; usnall; no fltipniea. 

Sagina, Arenoria, Alpine, Ccr- 
aalium, Stellaria, Sperguin, Holo- 
staum, and others, are amall hcr- 
baccoas plants with irhile petals, 
occnrrmg in meadova, on road- 
aides, etc ; they are distinguiflhed 
from eaoli other principally by 
tlie number of carpels preaeat 
and by the mode oF dehiaceaoe of 
[lie fmit. 

Tribe i. SiUnea. The corolla 
and the inner whorl of stamena 
are always present : the calyx ia 
gnmoaepalona ; stamens 10. Gla- 
meata connate at base: the fmit 
is a capsule (in Cucubalns a berry) : the leaves have no stipules; the floral axis 
ia often elongated between the calyx and the corolla (Fig. 365 y) : the petala (as 
in Lychuia and Sapoaaria) often have lignlat appendages (Fig. 2CS z). 

The apeciaa of Dianthus, the Piak, wbioh commonly occur wild are D. dHtoidet 
and Artiieriai D. Can/ophi/lttii, the Carnation, and D. ckinmtii are well*knawn 
garden flowera : there are two atyles aad the calyi ia surrounded at its base by 
bcacleolea. The genus Sapanaria has two styles but no bracteolea ; S. offii:inaIii, 
the Soap-wort, occurs on the banks of riveis. The gea\iM Silenc (CatcbOy) bos 




Pia. 93S.— LonRltaaiiial uotloD at Ihs Sawar at 
uchnd Flat JoriM; v pmldgggd mil bstiresD the 
Llyi and the corolla ; ■ ligular a: 
)ronii. (After Baohii.) 
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tlirea styloB; B. injlala, lattant, and other*, we eonunon in meadowB. Tha 
genus Lf chiuB (Campion) has five stf 1m ; the Bpcoiee veiprrliita snd diunia are 
diceoioos. Agroitemma Oithago, the Corn-ooekle, ie common in fielda. 

Tribe 3. Polycarpta. Leaves nitli Bcaiious atipulce: catyt elenLhero- 
BepalouE; the ooroUa is present, but tho inner wbod o[ BUmena is iranting: 
style 3-Qd. This group inclndea the genuB Foljoarpou and otbera. 

Tribe 4. Famnychieie. Leaves «ith scarionB atipulee : Eepala diatinot or 
ooberent ; the eoroUa an J the Inner whorl of Etamena arc nauall? vimtine : atjle 
nsuaUy bifld : ovarj anlloenlar, vith a single oTOle. 

ScUranlhui annum and perennii (Knavel), Eemiaria, Corrigiola. and lUece. 
brum ore amall innonapicuoua herba. 

Order 2. Forth lacaces, Colyx nsnally of 2 sepals and corolla of 
5 petals ; stamens nsually 5, epipetaloos ; ovary BSnally trimerons 
and imilociilar ; fruit a capsnle. They are herbs with alternate or 
opposite leaves ; the corolla is fngacions. 

Poriulaea oleraeea, the Fuislanei frooi Southern Surope, and other apeoieB 
are cultivated as vegetables and as ornamental plants. Montis (Blinks) has a 
gomopetalona corolla, sUt up one side ; it groira in dituhea or in damp places. 

Orders. Tamarisoises. Flowers actinomorphic, 4- or 5-meroiis, 
with one or two whorls of stamens; calyx gamosepaloas : ovary 
Bsually trimerona, unilocular, with basal or parietal ovules : capsule 
locnlicidal: seed without endosperm, having a crown of haira: 
flowers in racemes or spikes. 

The genua Tomorii is indtgenoQa in Bonthem Eniope ; T. galiita hu become 



Cohort 4. Polygalinaa. Flowers actinomorphic or sygo- 
norphic, usually pentamerous : sepals nsually distinct: stamens 
definite: gyntpcinm 
tally of two car- 
pels ; ovary usually 
bil ocular. 

Order 1. Polt- 
GAUCEj;. Flowers 
zygomorphic ; the 
two laterttl sepals 
conspicnonsly large 
I and known ua 
• "wings" (Fig. 266 
k') ; petols three, 
the two lateral being absent; the anterior petal is very lai^ and 
carinate: stamooa usually eight, forming a tube opeii post«norlT, 




^^ 
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to which the corolla, or at least the anterior petal, is adnate (Fig. 
26S) : carpels two, median, forming a bilocnlar ovary, each locnlns 
containing a single snapended ovule ; fmit nRnally a capsule. The 
flower somewhat resembles that of the Papilionacew, but it must 
bo borne in mind that here the two " alas " or wings belong to the 

Falygala vuIgarU, amara, and otben, are herbi, woodf at the base, ooenrriDg 
ia voods and meadove. 

Order 2. PiTTOSPOREJ. Flowers actinomorphic : stamens five : 
osniles numerous, attached to the nsnally oncounected eepta; leaves 
simple, exstipulate. 

Pittoiporwn Tobira, undnianim, tratrifoUum, aro ornsmiiDtiil plants (ram 
Australia. 



fers cyclic, with calyx and corolla: 
■ indefinite : gyncecinm of two or 
nilcicnlap or many- chambered : parietal 
without endosperm. 



Cohorts. Parietales. 

sepals free ; stamens defii 
more carpels ; ovary i 
placentation : seed with 

Order 1. Pii'iVEB- 
ACE«. Flowers actino- 
morphic K2, C2 + 2, 
Aac G® or (oc), or 
rarely with trimerons 
whorls : calyx eepa- 
loid, corolla petaloid : 
the numeroos whorls 
of stamens alternate: 
ovary of two lateral 
carpels (in Fig. 267 A 
they have been ^^ 
wrongly represented "' 
as being median) 
of more (Pig. 267 a), two- or more-chambered: ovnloa nnmerous, 
attached to the slightly infolded edges of the carpels r endosperm 
abundant, embryo small. The sepals commonly fall oS before the 
flower expands (Fig. 2Q7E). Plants with abundant milky juice. 

Pupavci, tliG Popp;. Las a mBtiy-cIiamberi?il ovary ; the fruit is a poroiia 
capsule (Fig. 160 D). r. tomni/erum ia onltiTated for the sake □[ the oil 
contained in the seeds, and as a medicinal plant: F. Rhaai is eammon in 
comGelds. Clulidonium mnjui, the CelEtndine, haa two carpels, a eitiquose Imit 
and orange .coloured milkj juice. Eichtchotttia cali/ornica is a coltiTaled 
plaat ; it has a bollon receptacle, so that its flowers are almost peiigjaooa. 




H buKr pctsi*! a lUzaena ; n lUgmi. A Dlngnm 
'ST of CluUiimium (lbs cftrpoli ciiigbl 10 be tUanJ)i 
OrniDcium of Pap Mir. 



Order 2. Fdmaeiace*. Flowers usually aygomorphio with 
lateral symmetry : floral formala > £2, 02 + 2, A2 + 2, G^. 
The tfiree whorls of the perianth alternate; one of the outer petals 
(rarely both) is famished with a spar : the two inner ataracns are 
not in their normal position ; each of them is divided and the two 
halves aro displaced towards the oatcr stamens ; hence there ap- 
pear to be three stamens on each side, a central one, with a perfect 
anther (the stamen of the out-er whorl, Fi^'. 268 B a), and two 
lateral stamens, each with only half an anther (the haJvea of the 
stamens of the inner whorl; Fig- 268 Bn, a,). The fruit is eiliq nose 
and many-seeded, or one-seeded and indehiscont. Plants without 
milky juice. Seeds containing endosperm. 




IS «epBla 



Dielytra (Dicentra) tpteiaUtii » a fitrourite ornamcntiil plant ; both the 
outer petals are Epmred, the two inner petals oro holtowed At tboir a|iioeB. h 
Ifaat (be; completely close the outliers. In Carydalii cava and lolida oolj one 
t>i the outer petals is sparred, tho trait is a tvo-VBlred oapsnle with numerolu 
parietal Beeds ; tbcae species bavo a tnberons rootstoek \ atbors, as C luUa 
and aurtn, hava rbuomos. Fumarin ogieinalii and otbers (P'omitories) ar« 
, common in Gelds ; the oTaiieg contain bat fev omleg, 

and of tbeao only ooe lipeas to a seed ; fntit globow, 
indehisoeiil. 

Order 3. CscciFEEa. Flowers usnally sc- 
tinomorphic : floral formnia K2 + 2, 0x4, 
^2 + 2', G'3. The tour petals form a whorl. 
alternating with the four ttepals as if the 
I latter formed one whorl ; there are, however, 
throe peri aath- whorls, as in the two preced- 
; funilies ; but whereas in tLom only tho outermost whorl is 
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Bepftloid, in this family the two oater whorls are sepalojit, and tho 
innermost, which alone is petaloid, is a, whorl coaBiHting of four 
instead of two members. Tho two enter Btamens are latci'a], as 
in those families; the two inner ones, wliich in the Fumariacete 
are divided, are here dnpltcate, having longer filamenta (Fig. 270 
Bhh) than the outer ones (a) ; hence tho flower is lelradyw 
There are often minute glands at the base of the ovary (Fig. 270 
B d). The ovary consists of two carpels with tho oynles in two 




. D AJifiutUaptiil fti: 
•epUl aiUonla of Dnbo. D* uid £* DLDgiBmnuwUo UwnietM ai 
diBUplmest ; 1 Hed. P tadebuconl dlionla of Iiuig. GJoinWdail 
jitniih : p Blyts : H ' Kparalfi BOgmmbs, K-H Dlatrmzti 
rrltb LrauATdne BectioQ§ : r rftdicJu t c o oobjIcdouBr 

longitndinal rows on the adnata mai"gins of the carpels ; those two 
parietal placontse are connected by a, membranoiiB growth which, 
as it is not formed of the margins o£ the carpels, musi be regarded 
aa a Bpnrioua dissepiment (Figs. 2?0 D* E*, 160 C w), Whon 
the Emit opens, the pericarp split* into two valves corresponding 
to the carpels, leaving tho placeatES attached to the dissepiment 
forming tho rejilum ; the seeds remain attached to them for some 
time (Fig. 160 0). 

The Sowers are in racemes in which the bracts are sappreescd ; 
when the lower pedicels are longer than the upper ones, the raceme 
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becomes a ooryrab, and then the lower flowers are nsnally aygomor- 
phic, the petals tnmed towards the periphery being' largei- than 
those directed towards the axis of the inflorescence, as in Iberis. 

The form of the fruit is of importance in the enb-division of this 
order. In some genera it ia much longer than it is broad, when it 
is termed a ailiqua (KigB. 2?0 0. 160 0) ; in others, it is not mnch 
longer, or about aa long as it is broad, when it is termed a ailieuia 
(Fig. 270 B and E). The latter is commonly somewhat com- 
pressed in one direction ; either parallel to the dissepiment, tbat is 
to say laterally (Kg. 219 E aad E'), bo that the dissepiment lies 
in the direction of Hie greatest diameter, when it is tatit«plal, or 
perpendicnlarly to the dissepiment, that is in the median plane, so 
that the dissepiment lies in the narrowest diameter, when it ia 
amguttUeptal (D and D).' Fmits with only one or a few seeds, and 
which are indehiscent, are con6ned to only a few genera, snch aa 
Isatis (Fig. 270 F). So likewi^ is the jointed siliqna, which has 
transverse dissepiments between the seeds; when they are ripe it 
divides transversely into segments, as in Raphanns (Fig. 270 0). 

The embryo is folded in the seed in various ways; the radicle 
may lie in the same plane aa one of flat cotyledons (Fig. 270 K), 
when the cotyledons are said to be ineumbeiil, NotorliicceB (the diai- 
gram being Q II) ; or the radicl* may occupy the same position, the 
cotyledons being folded (Fig, 270 /), when the cotyledons are said 
to be ineumbenl and folded, OrlhoploeecB (diagram of section O ^) i 
or, thirdly, the radicle may be lateral to the two cotyledons (Fig. 
270 II\ when the cotyledons ai-e said to bo tLceumheiit, Plmtrorhtwea 
(diagram O =) : more rarely the cotyledons are spirally rolled so 
that in a transverse section they are cnt through twice, Spirotobta 
(diagram Q {{ ||) ; or, finally, they may be doobly folded, and be seen 
four times in a section, Vlplocuhbex (diagram O II II II ID- The 
soods contain much fatty oil. 

Bub^order 1. Siuotiob.b. Fruit a ailiqni, mnoh looger than it is brond. 

Tribe I. Arabidea. Q =■ Chtiranlhiu Cheiri. the Wall-flower: aiailUOU 
annua aad Incrnia, the Stook, nxe caltjvatcil aa eurdeu plunts. Niutariiuai 
offieinalt ia the VlUei-CTetB. Ilarbarta vulgarii it the YeUoiT Rocket. Carda- 
tnioe and DuDtaria also belong to this tribe. 

Icibe S. SiiymbrUa. Q |]. Sitfinbriuin it/rieirtale, Uia Hedge-Miutard, U 
aommon oo rubbish hvi.^, aud Erj'simuin on waIU, etc. Hesperia is the Dame's 
Violet. 

Tribes. Briu$iefte. O^. The Bpeciea and varieties of Brwraea an nueb 
cultivated. Bratiica oltranta ia the Cabbage, with the toUowiag varieties; 
actiihuli, Scoloh kail, Cott-oabliiigu or Boieaale-, iullata, the Bhvoj eabbagt: 



OKOtJP IV. — FHAKEHOOAMS, 315 

capiliita, the red acd wMts Cabbage; gotigyladet or catihrapa. vith the aietn 
swollen at the base, la the Eohl-rabi ; balrylis, with connate Beahj peduncles and 
abortive Bowers, is the CaaliQower ; gemmiffra, with □amerous lateral leaf-buds, 
known &B BniBsela Sprouts. Brttnica rapa is the Turnip, with bright green 
hispid leaves and Hat coijoibs t>! flowers ; Brasiica Napu4, the Bape, has glabrous 
glaucous leaves and long racemes of fiowera, and is cultivated for the soke of the 
oil contained in the seeds ; both these species have flesh; underground stems. 
From B. rapa are derived the varieties campeitrii, the Sommcr-Toniip, and 
oUifira, the Winter- Turnip, as well oa rapifera, with a flesh; root, the white 
Turnip. From B. Napu* are derived the varleticB annua, the Summer-Itape, and 
liicmalii, the Winter-Bapc, which jield oil. and the variet; Napabraiiica, with 
an underground thickened stem, the Swedish Turnip. BraiHea nigra sod 
Sinapii (or B.) alha are the black and white Mustard. To this tribe belongs alio 
the genas Diplotaxia. 

Sub-order 2. Siliculoss- Fruit a ailicula- 

k. Lalieepta. The dissepiment is in the longest diameter of the siliaola. 

Tribe 1. Alyiiinta. Q =' CochUaria njicinalii is the Sourvy-gross ; C. 
Armoracia, the Horse-radish, has a thickened root. ^I^hubi calycinuin and 
Draha iKmfl, the Whitlow-gTMi (Fig- 270 E), are common we«di. 

Tribe 5. Camttinra. Q II- '''*' ^^^ ^^^ belong Camelina (Oold-of-pleasuro) 
and Subularia, the Awl-wort, on aquatic plant. 

B. Angtaiiiepta, The dissepiment is ia the shortest diameter of the silicnla. 

Tribe 6. Lepidinea. Q II- Capiella liurm Pasloria, the Shepherd's Purse, 
is common, as also various spedoB of Senebiera and I<epidium (Cresses). 

Tribe 7. Tkliupidi't. Q =. Various species of Thlaspi, the Penny Cress, 
ore common. To this tribe belong also the British genera Iberia (Candy-tuft), 
Teesdalia, and Hutohinsia. 

Snb-order 3. NdcuuxN'Tacbs. Silicula indebixcent, few-seeded. 

Tribe 8- laalidtit. Iiatii CineCoria, the Woad, bos compressed pendulous fruits 
which are unilocular and one-seeded (Fig. 270 F): 
it is used OB a blue dye. 

Bub-order 4. Louektioea. Fruit a ailiqua or 
ailicula, conatriated into one-seoded Eegments 
{lomtniactoiii) (Fig. 270 G). 

Tribe 9. Cakilinea. Bilicula two-jointed. 
This tribe contains the genera Catilo, the Sea- 
Bocket, and Cram be. the Sea-Eole. 

Tribe 10. Itnphantx. Silicula more or less 
moniliform. Eaphanui laiivui ia the Radish i 
it. EaphatiUlrum, the Wild Radish or White 
Charlock, is a common weed. 



Order 4- Capparidej;- Flowers actino- 




tpinota itm- Bin): 



morphic; formula ^2-(-2, Cxi, J2 + 2' w^jxi 

y-ij.it . 1 Ovary on (0 vriLDphorB. 

or x, O'S or a: : HtamenB only very ■" ''»'»' 

rarely G and tetradynamoos ; ovary borne on a special prolongation 

of tlie alia (gynophore) (Fig. 271 ()■ Fruit a siliqoa or a berry. 
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The flower bnda ol CapparU ipinota book the Boalb ol Europe we known a» 
OapeiB. 

Order 5, Resedaces. Flowers zygomorpbic, sepala and petals 
5-^, the latter laciniate: etamens numerOTia: carpels 2-6-coniiate, 
formmg a nnilocalar ovary, open at the apex, with iiiimerouBOTiileB; 
seed without endoaperm: infloreaoence a raceme, withont bracteolcs. 



a jcUon d;e; R, odonitii 



Rtitda luteola, the Dyer's weed, ia naelul a 
Migaonette. 

Order 6. Cistike*. Flowers actinomorphic, nanally pentamcrons : 
the two external of the five sepals are generally smaller, and some- 
times they are absent: stamens nnmerous, probably in conseqneace 
of branching' ; carpels 3 or 5, forming a nni- or mnltilocnlar ovary : 
ovules orthotropona : seed with endosperm. Trees or ehrabe with 
generally opposite stipulate leaves. 

Ciitut ladanifenu, erclieui, and other Epecies. grow in the sonth ol Europe ; 
a bslsam is detived [rom them. Heliatithtmiim vulgart, the Book Boae, ii an 
under ahrub which grows wild on di; soils. 



Order 7. Bixacej:. 
America, yields an ora 
Annatto. 

Order 8. Violarie*. 
always borne laterally : 



The seed of Bixa orellana, a native of 
ige-coloured dye known : 



Floral formula K5, (75, -15, G® : flowers 
ovnlee anatropona: fruit & locolicidal 
capsule (Fig. 2?2 0) : seed 
with endosperm. The in- 
digenous species hare zy- 
gomorphio flowers ; the 
anterior inferior petal ia 
prolonged into a hollow 
spur (Fig. 272 A e s) in 
which the nectar secreted 
by the Bpur-!iie append- 
F,<..iT3_-rfot.i™i«. JLo«i«iain^«cu™ot agoB of the lower Stamens 

panduie:! o pMalij a ipar 0( Uis lower petal, /. CoUecta (Fig. 2*2 A f »). 
■im»b*pedkppe»d>«<ot ttH)lawer>watD*:a>ii. The BOpals are produced 
Uwn. (After SMbs.) B Rlpolmit: * calyx. CA(i«r , ,. , ,„. „_, ^,, 

Viola is the Violet, Pansy, or Hearfa-eoae ; many species, aa V. cdorata, Um 
Sweet Violet, have only on uadorgroand atem which b^ars cataphyllaiy leaves 
and which tbroira up potiolalo foliage- leaves and bracleolnte pcdundes. eaob 
bearing a single flower: V.oiiorala has rnnnora, but hiria and collina ha*a 
none. In others, as V. eaitina, the Dog-violet, Ihe miun stem is above gtumid 
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Knd beais the foliage- leBres. In V. mirabiiii these tvo forms are bo combined 
Ihat in the spring Qoweia are developed from the rhizome nhieh have large bine 
petals, but which are always sterile; it is itoi till later that itiaonapicDoas 
(cleiBtogamous) Sonera with miDute petals appear on the leafy stem aud these 
only are fertile. In V. tricolor and its alhes, the atipolea are leafy and 
pinna tiSd. 

Order 9. Sasiiaceniacej;. Flowers actinomorphic, hermaphrodit*, 
with. 15 or more stamena. 

The leaves o( Ssrracenia sold Darliagtonia ate adapted, by the pecuhar develop- 
ment of their lamins, for the capture of iDBeots. 

Cohort 6. Ranales. Flowers generally acyclic or bcmicyclic; 
perianth coaaisting of calyi only, or of calys and corolla ; atamenfl 
nsnally indefinite ; gynaseiani apocarpous, often reduced to a single 
monomerona ovary; very rarely polymorons and ayncarpoos. 
Seeda with or without eadoBperm. 

Order 1. RanunCULACes. pL'rianth either consisting of a petaloid 
calys, or of calyx and corolla, usually spiral : stamens numerous, 
occupying several tnrns of the spiral, or arranged in several alter- 
nating whorls, anthers biloctdar, estrorse (introrse in Actira and 
Pteonift) ; ovaries numerous, spirally arranged ; rarely one only 
(Actffia). The omlea are disposed on the two margins of each 
carpel, that is, in two rows down the ventral Biitiire; in several 
genera the number of the ovules iii each carpel is reduced to one, 
which then originates from either th« uppor or the lower end of the 
caWty of the ovary. Seeds with eadoapenn. They are almost all 
herbaceons plants, and arc either annuals or they have perennial 
rhizomes ; they have no stipules, but they have amplesicaul leaves 
or petioles. 

Tribe 1. Clfiaatidta. Petals transtorroed iota stamens : sepals petaloid, 
with valvate (estivation : ovaries nnmerons, each containing a single suspended 
anatropous ovnle. Climbing or creeping shrubs with opposite leaves. Fruit 
consists of a cumber of oehenes. 

CUmalit Vilalba. the Old Man's Beard, is common in hedges; it has a 
greenish -white calyx, and fnuta vith long feathery styles : C. VitkcUa, patem, 
and others, are cultivated as decorative plants. Jlray^iu atptna, oocnning in 
the Alps and In Siberia, has its extermtl st&mens converted into petaloid stomi- 

Tribe 2. ATumoitfit. Petals transformed into stamens: sepals petaloid, with 
imbricate lestivatioa : ovaries usually nnmerous, each containing a aiugle 
■Dspended ovule : fruit consists of a number of achenes. 

ThoUctrum; the species of this genus, as T.Tninaii,Jlav!im,aniaqmlegifaUwn, 
the Moadow-Bues, have stems well covered with leaves, and flowers with an 
iaconspicuooE, fugacious, l-£-leavcd calyx, and a Qat receptacle. Anemone 
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faae ko hemispherical reeept&cle (Fig. S78 A >)• "^^ * petaloid, tuoally s-G- 
lesTed calji. In most of the species tbe nndeigrooiid ihizame elongntea 
into an erect ecape wbich bean s single vhorl at three leavea fonning an epi- 
oaljii beneath the terminal flower. Id J. tiemoroia, Tanuneuloidti, and nthras, 
these leaves resemble the foliage- leaves and often hear flowers in thcsr axils; 
bat in A. Pulialilla, and others, the; -difler from the foliage-loavea in that thej 
are palmatifld (Fig. 27S A h): in A. Hepatiea, in nhioh the scapes spring from 
the axils of oataphyllary leaves, the throe braeteoles are simple and lie so oIomI; 
under the petaloid oalyx that at first Ihoj sppeat to be the ca!y» of the Hower. 




7ii>. 17^,— nowSTS nf Dsnunoalarete : i pcilancle; Icnlyt^ fl enrolls: a»lamsiu;/OTKrT: 
a stiiima (all of natoral site or slightly mngDiaod). A Of Anmimt Piiliatilla. loDgttDdl&al 
■aotioD : h epltolyi ; t RHeplaels. B OTncsdam of Hanancnlni : • rvcsptwts irllh tba 
polnU nt InMitlon of tbs stamDna uhleb hmv beon remnTed. G Flown' uen tram bslow. 
SrionrotHiIMffniKlHdu. B Ot ^coniMm Suflui: kbnetsolM, li' Hooded ponorUr 
septi— tliB laiorsi sepal on this i\i!e li romavod. 

Tribe 9. Raiumeulrit. Perianth coTiHisting of ealyx and corolla : sepals im- 
bricate: tmit an achene, with a nsnally ascending ovnie (aospended in Adonis 
and Mjosnrus). 

Ranunenlns ; the calyx coniists of Ave tepaU and the corolla of five pntab 
which alternate with the sepals and have a neetary at their base ; the stameoa 
and carpels are arranged spirally. 

The genos includes watar-phint'i with flncly-divided loares and white flonrent, 
u A. aquatilit. Water orowfoot.^Filtiinf, eto. ; and land ot bog plants Dsu&Ily 
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with a yellow norolla, ob fl. acer, the Bulleronp, rrpena, bulboiiu, aod Kt'erarm 
(nil known m Orowfool), and f/aminuJa (LeaBec Spearwort) ; they are nil nioro 
or less poiionona. It, Fkaria (the LaBser Celandine) has 8 eepals uiid n>aaUy 
8 petals. Myoiunu minimu* (Monfle-tail) has a very long ojlindricai recoptacle ; 
the sepals are Bpmred, and the petali gradually paBB into the atamens. Adonis, 
the PheasBQi'B Eye, haa completely aoyolio flowars; sepaU 5. polaU e ot mote, 
not glandular at the baaa ; atamena and oarpela indefinite, arranged in -f, order. 
A. autumnalij is the Bpecias which ocoutb in England. 

Tribe i. HeUeborea. Perianth generally eonaiBling ot oalyi and corolla, the 
latter being occasionally suppressed : th» petals ara glandulajr at the baae \ 
ovaries lunaUy (ewer ia namber than the leaves ot the perianth ; ovules nmner- 
oni, boroeon the ventral eutnre; fruit usually consists ol several tollioles. 

{a) With actinomorphic Bowers : 

Hclleborns, with aoycUa flowers ; sepals in | arrangement ; the petals, which 
are small and tubalar, in i or ^, ; stamana in ,', or f, ; ovaries nsually 3-5 
(Fig. 273 D). H. niger is the ChrUtmaa Rose ; H. viridU and fortidui are not 
rare. NIgella haa 5 petaloid sepals and usually S (superposed it 5) small gland- 
ular petals. Trollius, the Glabe-llower, haa • 
6-13 petaloid sepals, and a similar number ot 
small petals which, like the atamena, are 
arranged spirally: T. ruroporiu occurs in aub- 
alpine regions. Caltha, the Marsh- Marigold, 
has flfe yellow petaloid sepals but no corolla : 
<7. pnluitrii ia common in damp places. Eran- 
thil, the Winter Aconite, has small petals with 
long claws. Actiea has a petaloid calyx and an 
altemating (aometimeH suppressed) corolla ; it 
has a single carpel which becomes a haacate 
fmit : A. lyicata, the Banoberry or Herb 
Obristopher. oooura in woods. Aqnilegia, the no. an.— DiBBnim o( Howor of 
Columbine, has a oyelia flower (Fig. 274) : it AnuUegia. 
has five petaloid sepals, and petals with long spurs: A. titJgarit, atrata, AkUi, 
and others occur wild or are cultivated as deaorative plants. 

(Ii) With zygomorphic flowera : 

Delphiniam, the Larkspur, has the posterior of the Bve pptaloid aepala pro- 
longed into a spnr ; there are typioaJly 6-8 petals, ot which only tbe two (or (our) 
posterior are developed, their spurs projecting into that ot the poateiior sepal. 
D. Staphiiagria is poiaonons; D, canialida has but one Carpel ; D. Ajacii ia a 
common garden plant, with 1-6 carpela. In Aoonitnm. tbe Wolf s-hnne or 
Monk's-hood, the posterior of Uie o petaloid sepals ia large and hooded : llie two 
posterior of the 8 petals have long claws and are covered by the posterior sepal, 
tbe oIljerB being inconspicuous (Fig. 273 E t). 

Bnb-order 4. Paoniea. The perianth consists o( calyi and corolla, and the 
petals are not glandular : ovariea with nnmerons ovulea, Borrounded by a diac. 

In Pieonia, the Pisony, tbe ealyi consista of 5 sepals which gradually pass 
into the foliage-leaves ; the 5 or more petals are larger : the stamens are spir- 
ally arranged. P. offininalu, earallina, antl others ore cultivated as decnrativo 
plants ; P. Moutan has a woody Rl«m and a tabular disc. Fmit oonaiets ot 
several folliclea. 
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Order 2. Maqnoliacej:. Perianth cyclic, consisting nsnally of 
tliree alternating ti'imerous whorla, one of eepab and two of 
petals : stamens and carpels anmerons, arranged spirally : eeeil 
containing endosperm. Woody trees or atruba. 

Tribe 1. Magnoiiea. Carpels ver; nnmeroag on an elongated c;li□l)ri(^al 
receptacle: Sowers invested b; a spathoid braet; etipulea connate. Magnolia 
graHdifiora and other ipecies, and Liriadcndraa tulipijtra (the Tulip-tree) from 
North America, are oraomental trees. 

Tribe 2, lUicitie. Carpels in a simple vhorl on a Sat receptacle (Fig. ISS). 
lUieium anUatum, the Star Anise, is a native of China. 

Order 3. Caltcanthace^. Flowers acyclic, perigynooa. 
Calj/MMkiu fioridtu it an emamental Ghmb with brown arotnatio leaves. 
Order*. NvMPlUtACKai. Flowers nsnally acyclic withont any 
sharp demarcation between the petals and the stamens; pistil 
either apo- or ayncarpoas. Water-plants, generally with broad 
floating leaves. 

Tribe I. Nyniphizina. Carpels connate, formiog a, polj^meroni maltilaenlar 
ovary which maj be either aaperior or inlerior. Ovules nameroaB, placeutstiun 
Biipe[Bi;ial : seeds namerooa, coDtaiaing both endosperm and perieperm. The 
rhizome grows at the bottom of the water and throws up broad flat cortUle 
leaves with long petioles which float on the surface. The flower also reaches 
the surface, borne on a long pednnele. 

Hymphaa alba, the white Water-Lilj, has (oar green sepals, a great niunber 
of white petals which, together with the very numoroos Btamcne, are arranged 
apirall;. and a semi-inferior ovary. Kuphar luEeuin, the jellow Water-lily, baa 
a calyx consisting of five greenish-yellow sepals ; the petaU, which are amaller 
and yellow, are oEUally 13 in nomber, and form a oontinaons spiral with the 
iodefinilu stamens ; tlie ovary is Buperior. Victoria regia, a Brazilian species, 
bos peltate leaves al more than a yard in diameter. 

Tribe 3. Nelumbiea. Ovaries numerous, distinct, imbedded in the fleshy 
receptacle : leeds solitary, without endosperm. 
Ntlvmbium ipecioium ie the Lotas ol Egypt and Asia. 

Tribe 3. Cabombea. Flowers cyclic. Ovaries no* 
merous, monomeroua, each with Irotn 3 to 8 onilea 
attauhed to tbe dorsal suture of the oarpel. Seeds con- 
taining endosperm and perisperm. The lubmsrged 
leaves are much divided, the floating leaves peltal*. 
America and the East Indies, 

Order 5. Menispekmacf.^. Flowers dicpciona, 
— Dingmm of cyclic ; the whorls are nsnally trimerons, and 
io»nj (it ibo the calys, corolla, and andixBcinm have at 
"™" least two whorls each. Carpels nsnally 3-6, 

distinct, one-seeded, but many-seeded in the sub-family Lardi- 
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zalbesB. They are tropical climbing plants with herbaceons stems 
and palmate leaves. 

Order 6. Bebbebide^. Flowers hermapbrodite, cyclic, the calyx, 
corolla, and androecinm, each consisting of two di- or trimerons 
whorls. Ovary monomerons, with nnmerons marginal ovules. 
Fmit capsular or baccate. Seed with endosperm. 

BerberU vtdgarit is the Barberry ; its floral formnla is iTS+S, CS+S, JS+S 
G-i- ; the flowers are in pendent racemes, nsnally without terminal flowers ; when 
a terminal flower is present its formula is K5 \ C5 \ A5, Froit an oval berry. 
The leaves of the ordinary shoots are transformed into spines (Fig. 12), in the 
axils of which are dwarf-shoots bearing the foliage-leaves and the inflorescenoes. 
Epimedimn has a dimerous flower ; calyx of 1-5 whorls ; petals spurred. 
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